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[Block  20,  Abstract,  continued) 

available.  In  addition,  a  detailed  theoretical  analysis  of  the  effects 
of  water  v.ipor  absorption  on  the  imagery  is  performed. 

The  qualitative  results  of  the  imagery  analysis  indicate  that 
within  the  anomalous  giay-shaJe  patterns  as  detected  ii\  the  DMSP 
imagery,  tl\e  l.andsat  MSS-4  (.visible  band)  image  will  appear  more  ha:y 
than  the  longer  wavelength  l.andsat  bands.  The  theoretical  analysis 
indicates  that  simulated  radiances  from  tlie  DMSl’  arc  similar  to  the 
l.andsat  MS.S-0  band,  rather  than  to  MSS-1.  This  apparent  contradiction 
can  be  e.xplained  by  considering  the  relative  contributions  of  energy 
from  the  different  spectral  intervals  comprising  the  total  DMSl*  response 
rathei-  th.m  the  respotise  fuitcl  ion  alone;  the  different  sj^atial  resolutions 
of  the  HMSP  and  l.andsat  sensors  may  also  be  a  factor.  The  results  of 
the  theoretical  an.ilysis  furthir  suggest  that  for  realistic,  cases  of 
high  humidilv  and  low  visibility,  it  is  the  aerosol  growth,  not  the 
growth  in  water  vajiDr,  that  increases  the  radiance  measured  by  the  DM.SP 
Very  High  Resolution  (VIIR)  sensor. 
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1.  INTROinR”riON 


l.l  Ptirjioso  and  Obiectives 

This  study  was  perfornod  for  the  Naval  Inv i ronmenta 1  rrodiction 
Koscarcl)  lacility  by  I  nv  i  roninonta  1  Research  Ji  rechnolo>;y,  Inc.  (I'RTl. 

The  purpose  of  the  study  is  to  compare  befensc  Meteorological  Satellite 
Program  (I'MSP)  and  I.aiulsat  imagery  in  which  anomalous  gray-shade  I'atterns 
associated  with  low  visibility  in  light  fog  or  haze  can  be  detected. 

These  low  visibility  .situations  arc  of  tactical  import.ince  to  tlie  N.ivy 
since  the  obstructions  to  vision  could  have  an  imjiact  on  a  variet>-  of 
Naval  weapons  systems. 

Anomalous  gray-shade  patterns  associated  with  light  fog  and/or  haze 
conditions  and  other  features  have  been  detected  in  the  I'MSI'  \'ery  High 
Resolution  (VHR)  visible  images.  The  spectral  resjionsc  of  the  I'MSi' 
visible  channel  is  O.J-1.1  micrometers  l;.m).  The  l.andsat  Mu  1 1  i  spect  ra  1 
Scanner  System  iMSS)  has  four  siiectr.il  bands  within  the  overall  spectral 
rcsjioiise  of  the  I'MSP  visible  ch.iniiel.  It  is  possible,  therefore,  to 
compare  the  I'MSP  and  landsat  mul  t  i  spect  ra  1  images  to  deteiTiine  the 
wavelengths  where  the  anomalous  gray-shade  jiatterns  arc  most  pronounced, 
rhrough  the  comparative  analysis  of  the  imagery  and  a  theoretical  anals'si 
ot  the  effects  of  water  vajior  absorption  in  the  near  infrared,  a  better 
understanding  can  be  gained  of  the  tvpc  and  size  distribution  of  the 
scattering  particles. 

lo  satisfy  the  purpose  of  the  study,  the  sjiccific  objectives  were: 
(,!'  to  analyze  a  minimum  of  20  cases  of  I'MSP  data  over  marine  and/or 
land  areas  where  the  reported  visibilit\'  has  been  reduced  to  five 
n.uitical  miles  (nmi1  or  less  in  haze  or  light  fog,  and  (.21  to  conduct  a 
detailed  theoretical  an.ilysis  of  water  wipor  .ibsorptioii  in  the  near 
infrared  (beyond  0.'  iiml  and  its  effects  on  the  s.itellite  imagevN-.  The 
.10  cases  also  require  that  an  anomalous  gray-shade  pattern  be  detectal'le 
in  the  I'MSP  image  and  that  nearly  concurrent  (within  two  hours'  landsat 
dat.i  be  axail.iblo  for  the  same  area. 


l.J  I'.it.i  S.iiiiplo 


lai'ly  in  tiu'  '^tlKly  it  hocamo  aj'pa ri'iit  that  a  siiital'K'  data  sainpU', 
cons  i  s  t  in.k;  of  at  least  JO  oases  v»hei’e  all  seleotioii  oriteria  sere 
satisfied,  soiild  be  difficult  to  assenible.  A  major  pi-oblem  limitiiii;  the 
•imoiint  of  iisi'ful  data  is  the  infreiinent  repeat  covera^;e  and  limited 
areal  covera>;e  of  iaiidsat;  landsat  imai;es  sere  often  found  to  cc>ver 
areas  outside  the  anom.ilous  i;ra>-shade  pattern  seen  in  the  concurrent 
I'MSl’  ima^^e.  Moreover,  seieral  potential  cases  sere  not  usable  because 
of  poor  iiuality  I'MSr  or  landsat  ima,i;er\’. 

\s  a  result  of  the  data  collection  difficulties,  the  data  sample 
used  in  the  stud>'  was  not  as  extensive  as  had  been  or  i  ,1;  i  na  1 1  >■  hoped. 
However,  with  the  assistance  of  the  contract  technical  monitor,  a 
sufficient  number  of  cases  with  hi.eh  qualit)'  I'MSI'  imaijes  sere  collected 
to  satisfy  the  contract  requirements. 

1 .  .s  rheoret  i  ca  1  \n.i  l\  s  i  s 

In  this  I’art  of  the  study,  a  theoretical  analxsis  i^.is  perfoniied  to 
describe  in  detail  the  influence  of  water  vajior  .ind  ha;e  on  PM.SP  and 
1  .indsat  satellite  imagery.  \  radiative  transfer  computer  algorithm  was 
used  to  model  the  multiiile  scattering  and  absorption  processes  in  a 
realistic  atmosphere  with  a  vertically  i nhomogeneous  (\ar\ing'  dis¬ 
tribution  of  optically  active  species.  \  tropical  model  .itmosiMiere  was 
selected,  and  simulated  satellite  radiances  (weighted  b>'  approximate 
spectral  band  inissesl  were  cominited  over  a  wavelength  range  of  0.1- 
l.l  urn  assuming  a  particular  viewing  geomet r\'  and  a  calm  ocean  back¬ 
ground  with  a  modeled  surface  reflectance,  lour  specific  choices  were 
made  with  respect  to  optical  parameters  of  the  atmosphere: 

11  low  humidity,  clear  atmosi'liere  |0.0.sl  gr;uiis  (gl  s.iter  va['or 
and  J.A  kilometers  ikin')  visibility); 

J)  liigh  humidity,  ha;\  atmosphere  (.A. .'.A  g  water  vai^or  .iiul  .a  km 
V  i  s  i  b  i  1  i  t  >• ) : 

.A)  low  humidity,  hazy  atmosphere;  and 

■1)  high  humidity,  clear  atmosphere. 


Iho  tirst  two  ohoicos  are  prohahl)'  jiliy  s  i  ca  1  1  y  roalistio,  wliilt-  t  lu- 
Second  so;  lu'lps  del  meat  o  randies  ot'  uncoi't  a  i nt  >• .  No  attomin  was  made 
to  mcludo  a  consistent  relative  humidit\  iisibilit;.’  relationship  or 
parameloriie  humid i t y -dependent  aerosol  ^trowth  phenomenon. 

1  . -I  Contents  ot  Report 

\  further  discussion  ot'  the  detection  of  anomalous  >tra>-shade 
I'atterns  in  I'MSI’  visible  images  is  given  in  Section  J  ol'  tiie  report. 
Section  d  also  cont.iins  a  descriinion  of  the  l'*‘ISP  and  l.andsat  sensor 
s>  stems  and  d.ita  formats.  Ihe  data  search  ]'rocedures  and  the  result. int 
data  sample  are  discussed  in  Section  .S .  The  ,!nal>sis  of  selected  c.ises 
IS  presented  in  Section  I  .md  the  theoretical  analvsis  in  Section  .S . 

Ihc  results  of  the  practical  .md  theoretical  analxses  are  discussed  in 
Section  o.  Ihe  conclusions  and  recommend.it  ions  for  further  studies  may 
be  found  in  Section 


in-.sciui’i  ION  oi-  sATi;i,i.ni-;  svsri:Ms  and  data  cnARAcrr.uisTics 


J.l  DMSI'  Data 

^.l.l  Sonsor  (Miaracter i St i cs 

The  DMSI’  data  used  in  tlie  study  were  from  the  Block  SC!  system.  In 
particular,  the  data  were  those  of  the  MIR  radiameter  \isil)le  channel 
measui'inj;  reflected  solar  radiation.  This  sensor  lias  a  nominal  subpoint 
resolution  of  D..i  nini  ,  althoui;h  tlie  actual  resolution  apparent  in  the 
imagery  is  a  function  of  several  factors.  Ihe  VHR  d.ita  swath  is  aj'proxi- 
mately  1,(){I0  nmi  .  Ihe  characteristics  of  the  DMSI’  primari'  sensors  are 
desi->-it>ed  in  j;reater  detail  in  the  Navy  Ijictical  Ajiji  1  i  cat  i  ons  (i^ide, 
\olume  I  (Tett  and  Mitchell  1977). 

The  spectral  interval  of  the  visible  channel  is  O.l-I.l  ,,m.  Ihe 
sensor  normalized  response  curve  is  shown  in  Tijpire  d-1.  Ihe  curve 
indicates  that  the  jieak  response  is  at  0.8  am  with  the  sensor's  half¬ 
power  response  [loints  at  0.57  am  and  0.97  am.  Most  of  the  enerRv 
received,  therefore,  is  at  the  longer  visible  wavelength  and  the  near- 
infrared  wavelengths  where  vegetation  is  highly  reflective;  as  a  result, 
ver>  good  contrast  is  achieved  between  vegetation,  soil,  and  water  sur¬ 
faces.  The  lesser  response  at  the  short  wavelengths  also  minimizes  the 
blue-light  backscatter  ing  of  the  atmosjihere . 

J.1.2  Data  Display  and  T.nhancement 

The  \'1IR  data  are  displayed  either  in  a  scale  of  1:15  million 
(normal  model  or  1:7.5  million  (exjianded  mode).  The  images  analyzed  in 
the  study  were  the  fine  resolution  (0..5  nmi)  data  at  the  1:15  million 
scale  and  were  in  the  form  of  transparencies,  b.xaiiiiiles  of  DM.SP  images 
are  shown  in  .Section  4. 

Contrast  enhancement  is  useil  at  the  DMSI’  receiving  stations  to  var>' 
the  distribution  of  gray  shades  in  the  data.  I'his  cajiability  is  of 
particular  importance  in  the  detection  of  anomalous  gray-shade  patterns, 
since  these  patterns  arc  at  the  darker  end  of  the  overall  tonal  scale  of 
the  image.  The  maiiping  curves  devised  for  the  various  enhancements  are 
shown  in  l-igure  2-2. 
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PHECKDINC  face  hUkNK 


Calibrated  Digital  Word  Input 


Sinirci':  l-i't  t  aiul  Miti'lu'll  l')~- 


\.irii''us  I  nli.iiu-onii'iit  (  iirvos  t\'r  I'MSI' 


1  he  normal  oiihaMComcnt  mode  is  a  linear  scale,  uith  >;ray-shade 
definition  evenly  distributed  througliout  tlie  total  tonal  ranue  I'roni 
white  to  black.  In  tlie  loj;  enhancement  mode,  however,  the  calibrated 
digital  word  ininit  at  the  lower  end  of  the  scale  is  outjnit  over  a  wider 
range  of  gray-shade  levels;  as  seen  in  1- igure  1-1,  the  digital  ininit 
from  0  to  1.'  is  output  as  a  gray-shade  variation  from  bTi  (black)  to 
JO  (.light).  Ilierefore,  in  tliis  mode,  the  darker  range  of  gray-shade 
values  is  gre.itly  enhanced  at  tlic  expense  of  the  much  lighter  tones, 
so  that  .inomalous  gray  sliaJes  are  more  clearl>-  dejiicted.  Darker  tones 
are  also  enhanced  in  the  1  ow-enh.incement  iiii'Je,  but  nut  as  well  as  in 
tlie  log  enliancement  mode.  In  contrast,  the  high  enhancement  mode 
suppresses  tlie  darker  tones,  so  is  not  useful  for  Jei’icting  anomalous 
gray-shade  patterns. 

J.  J  l.andsat  l>ata 

The  l.andsat  MSS  has  a  resolution  of  about  J-10  feet  (SO  ml  ,  compared 
to  the  0.3  nmi  resolution  of  the  \illl.  The  swath  viewed  b>-  the  radio¬ 
meter,  liowt'ver,  is  only  100  nmi  (185  km)  wide,  compared  to  the  l,o00  nmi 
swath  of  the  VllK.  Moreover,  the  same  area  on  the  ground  is  covered  b\’ 
l.andsat  only  once  every  18  days. 

The  MSS  measures  reflected  solar  energ)’  in  four  spectral  bands  in 
the  visible  and  near- infrared  jiort  ions  of  the  spectrum.  The  four  bands 
are:  (1)  MSS-1  (0.5-0.t)  nm,  blue-green);  (J)  MSS-5  (0.(>-0.7  urn,  red); 

(3)  MSS-fa  (0.7-0. 8  nm,  red  to  near  infrared);  and  (1)  MSS-7  (0.8-1. 1  nm, 
near  infrared). 

The  normalised  spectral  response  curves  of  the  four  bands  ai'c  shown 
in  figure  J-3;  for  com])arison,  the  DMSI’  resiionse  is  also  shown  in  the 
same  figure.  This  figure  illustrates  that  apiiroxiraatcly  ISI.  of  the 
DMSP  response  is  at  tlie  l.andsat  M.S.S-7  wavelength.  About  J.^'i  of  the 
resiionse  is  at  the  MSS-6  wavelength,  JO*  at  MSS-5,  and  only  lO”*  at  MSS-I. 

The  MSS  data  are  displayed  in  scenes  covering  100  nmi  si)uarc.  The 
standard  scale  of  a  scene  is  1:1  million.  Most  of  the  scenes  used  in 
the  analysis  were  acquired  in  the  transparency  format,  fxamplcs  of  the 
Landsat  data  are  included  in  Section  4. 
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WAVELENGTH  (jjm) 

Figure  2-3  Landsat  Relative  Spectral  Response  (DMSP  Spectral  Response  is  Also  Showri) 


1't‘i t  i oil  of  Aiioina  1  oils  firay-ShiKlo  I'atteriis 


J.s.l  HMSI'  Hat  a 

Sovoral  oxaniplos  of  anomalous  j;rav-slia(.lt'  patterns  are  [iresenteil  in 
the  Nav^  I'aetieal  A])]i  I  icat  ions  (luide  (I'ett  aiul  Mitchell  1H77).  hasieallc, 
the  term  is  applied  to  the  liylit  tone  aiul  occasional  dark  tone  jtray- 
shade  I'atterns  ohserved  over  ocean  or  land  areas  in  cloud-free  or  nearl> 
cloud-free  rej^ions  in  the  k’llK  (.vi^’ihle)  imaj;er\'.  (It  should  be  noted 
that  "liyht  tone"  nevertheless  refers  to  a  tone  at  the  dai'kc  r  end  of  the 
overall  tonal  ranye  of  the  iraaj;e,  as  opposed  to  "bvij;ht  tones"  of  clouds 
or  heav>  foy.)  The  interpretation  j’iven  to  the  anomalous  );ray-shade 
patterns  is  important  because  it  can  provide  insiy.ht  into  the  atmospheric 
and/or  oceanojtrajih  i  c  jirocesses  occurrinjj  in  the  area;  add  i  t  iona  1 1  }• ,  the 
reduced  visibilities  that  may  be  associated  with  the  patterns  detectable 
in  the  satellite  imay'ry  could  have  imi'act  on  a  variet\-  of  naval  weapons 
swstems. 

lett  and  Mitchell  tl9i’7)  point  out  that  anomalous  j;ray-shade  patterns 
can  be  caused  b>'  a  number  of  factors,  includini;:  the  I'resence  or 
absence  of  atmoS|iheric  moisture  in  cloud-free  areas,  the  presence  of 
broken  fields  of  small  cumuliform  cells  below  the  sensor  resolution, 
cirrus  clouds,  dust  or  sandstorms,  ocean  spray,  turbid  water  or  bottom 
features  in  shallow  water  areas,  and  haze  and  ligltt  foj;  in  areas  of 
developinjt  or  dissipatini;  fo>t  or  stratus.  I'or  the  purposes  of  this 
study,  the  patterns  of  interest  were  those  caused  b)’  light  fog  and/or 
haze  conditions  associated  with  reduced  visibilities.  No  anal>ses  wei-e 
performed  of  patterns  known  to  be  caused  by  other  factors. 

A  bMSP  VlIU  image  showing  an  anomalous  gray-shade  inittern  off  the 
California  coast  is  presented  by  I'ett  aiul  Mitchell  (111”/)  as  an  example 
of  a  pattern  associated  with  a  light  fog  situation.  In  the  vliscussion 
of  that  case,  the  authors  conclude  that:  (1)  anomalous  gray-sluule  bands 
are  often  the  high  humidity  eiui  jiroducts  ot'  stratus/fog  band  dissij'a- 
tion;  (-’)  light-tone  gray-shade  areas,  remote  from  sunglint  jiatterns,  at 
the  edges  of  stratus/fog  or  st  ratocuniulus  are  regions  of  high  humidit> 
associated  with  a  concentration  of  large-size  condensation  particles  and 
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ti.izo  (low-K'\cl  visibilities  arc  >;ciicrall>'  reduced  in  these  ai'eas);  and 
(3)  dai'k-tene  j;ra>-shade  areas  adjacent  to  1  i>;hter-tone  y 
areas,  remote  f'roii.  sun^lint,  are  rejtions  ol'  louer  humidity  and  less  haz> 
conditions  (lou-level  visibilities  are  j;enerally  higher  in  these  areas). 

J  l  .indsat  b.it.i 

I.. inds.it  is  desijjned  to  i  lew  the  e.irtli's  surf.ice,  rather  th.in  the 
.It  mosphere ,  .iiul  has  been  used  priiiuiril)  t’or  tliat  purpose.  Neiert  lie  1  ess  , 
1. inds.it  d.ita  h.i\  e  been  found  quite  useful  tor  studies  ot'  mesoscale  cloud 
teatures  tieteris  et  al.  lifol .  In  addition,  studies  of  the  use  of 
I. inds.it  to  detect  .itmospheric  .lerosols  li.a  e  been  carried  out  by  sexeral 
investigators,  inclilding  Iraser  ll'.)-!')  .ind  t;rij;f;s  tlt'^.S).  1.. inds.it 

imai;ery  was  also  examined  in  a  stud)’  ot'  air  ]Hillution  jiatterns  in  New 
1  njtl.UKl  us  ini;  remote  sensing  data  (Bow  lei-  ot  .i  1 .  l;)'"'). 

In  his  study  reported  in  l;>'’ti,  Iraser  determined  tlie  m.iss  ot' 
p.irt  1  cu  1  ates  in  a  vertical  column  of  dust  outt'low  t'rom  northwestern 
Africa  with  the  aid  of  bands. it  measurements  of  nadir  radiance.  The  m.iss 
of  dust  was  .ilso  estimated  from  the  n.id  i  r  radiance  of  .i  radi.it  i\  e 
transfer  model  of  the  ocean-atmosiihore  s\stem.  I'he  computed  r.idiance 
agrei'd  within  1  of  the  radiance  measured  b>  sati'llite.  I  raser  .ilso 
comj'.ired  the  r.idiance  measured  b\’  each  ot'  the  I'oui'  l.indsat  M.'^.S  bands 
for  various  locations  over  the  ocean  and  a  h  i  gh-.i  1 1  i  t  ude  l.ike.  As  to  be 
expected  because  Rayleigh  scattering  is  l.irge  .it  the  shorter  wavelengths 
the  r.idi.ince  measured  by  the  MS.S-1  b.ind  H'.b-O.o  am)  was  I'ound  to  be  the 
greatest  in  isich  case;  decre.ising  radi.inces  were  me.isured  b>  the  M.RS-T' 
through  7  bands,  resi'oct  i vel>’,  except  for  one  case  where  the  MS.S-o  v.ilue 
w.is  less  th.in  the  M.RS-"  value. 

'’'■'URs  (.1;>''S)  determined  the  aerosol  content  in  the  atmosphere  t'rom 
I  .iiklsat  using  a  large  set  ot'  data  .ind  t'ound  good  .igreement  between  the 
measured  radiances  over  the  ocean  and  the  aerosol  content,  esiu'ci.ill) 
for  the  MS.S-I>  and  MS.S-o  bands.  In  his  studi’,  tlriggs  discussed  some  of 
the  I'otential  jiroblems  affecting  the  l.indsat  measurements.  Over  inl.uul 
water  areas,  the  first  three  bands  (M.RS-.l,  .S,  and  ('1  can  be  at'fected  b\’ 
water  pollution;  the  MSS-”  band  is  affected  less  by  water  luillution.  so 


is  the  best  band  tor  measuring  aerosols  over  these  areas.  Over  the 
ocean,  the  potential  problems  include  sunglint,  wind  shadow,  and  observa¬ 
tions  of  internal  waves.  However,  Origgs  points  out  that  internal  waves 
are  observed  only  in  areas  with  both  calm  seas  and  sunglint,  and  should, 
therefore,  not  affect  the  measurements  in  nonsunglint  areas. 
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3.  COLLhCTION  OF  DATA  S,\MI>Lh 


3.1  Data  Sources 

3.1.1  DMSP 

Initial  attempts  to  obtain  selected  DMSP  images  were  conducted 
through  the  University  of  Wisconsin,  Space  Science  and  Engineering 
Center,  where  a  complete  archive  of  data  is  maintained.  The  acquisitioii 
of  imagery  from  this  source  proved  unsuccessful  in  most  instances 
because  DMSP  coverage  for  some  of  the  selected  areas  was  not  available. 
Moreover,  all  of  the  DMSP  imagery  available  from  this  data  source  were 
the  normal  enhancement  mode  rather  than  either  the  low-  or  log-enhance¬ 
ment  modes,  which  are  needed  to  depict  the  anomalous  gray-shade  {)atterns 
(see  Section  2.1.2).  Useful  data  were  eventually  obtained  on  loan  from 
Keeslcr  Air  I'orce  Base  and  from  the  .Naval  Environmental  Prediction 
Research  Facility. 

3.1.2  Landsat 

The  determination  of  whether  correlative  Landsat  coverage  existed 
for  selected  dates  and  areas  of  potentially  good  haze  or  light-fog 
situations  was  accomplished  through  use  of  the  query-search  capability 
available  at  the  EROS  Data  Center,  Sioux  Falls,  South  Dakota.  Once 
particular  Landsat  scenes  were  selected  for  analysis,  the  images  (four 
spectral  bands)  were  acquired  from  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA)  Satellite  Data  Services  Division  (SDSD) , 

3.2  Data  Search  Procedures 

Several  methods  were  used  to  obtain  useful  cases  of  correlative 
DMSP/Landsat  coverage  viewing  anomalous  gray-shade  patterns.  Because  of 
the  infrequent  Landsat  coverage  as  compared  to  the  DMSP  coverage,  the 
data  search  initially  concentrated  on  determining  the  availability  of 
Landsat  coverage  for  selected  coastal  areas  during  the  period  from  April 
through  September  1977.  (The  DMSP  Block  5C  data  first  became  available 
in  April  1977.)  Five  areas  were  selected:  (1)  the  Northeast  (40°-4b°N, 
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f''''*' *  '  1  )  ;  tJ)  the'  mi  d  -  \  t  1  aiit  i  c  coast  ( Sti" -U'^N  ,  J° -’'('“K  1  ;  ^3!  t'alitornia 

I .  11  -  1  J1°W )  ;  tt)  the  liashint;toii/Orottoii  ce'ast  {  1 3" -•KS'’\ . 
i::‘“-i:(''’K)  ;  and  isi  tho  Culf  of  Maska  lS('° -SS^N  .  1  •lH'’ -  1  S0”K  I  . 

Surface  charts  for  Vpr  i  1 -Soi't  ombor  l'.!""  iscrc  rcvioiscd  tor  cacli  ot' 
tho  five  areas,  and  dates  uith  rejiorted  lou  tisibilit)'  conditions  causi'd 
by  haze  and  1  ijiht  foj;  were  documented.  These  dates  were  then  checked 
a.v;ainst  the  nueri-search  computer  listuijt  obtained  for  e.icli  area  to 
determine  dates  with  correl.itive  landsat  co\era.i;e.  A  number  ol'  potenti.il 
cases  were  determined  for  .ill  of  the  areas  e.xcept  the  llulf  of  Al.isk.t 
roition,  for  which  I..indsat  coeera.ee  w.is  unavailable  duriiu’,  the  \pril- 
Sept  ember  1'.'”  ]H’viod. 

.■\  review  of  I'MSP  intav;er>'  for  tlie  two  last  foast  areas,  receited  on 
loan  from  keesler  Al'K,  was  conducted  to  determine  whether  an>  anom.ilous 
gray-sliade  ivitterns  were  detectable.  In  man>'  instances,  either  no  such 
p.itterns  were  obserted  within  the  areas  of  reported  low  lisibilitv  .  or 
considerable  amounts  of  cloud  cover  were  present.  Mso,  for  .i  number  of 
dates,  no  lo>t-  or  low-enh.incement  I'MST  imap.es  were  available.  B.ised  iMi 
this  ex.iminat  ion ,  a  tot.il  ot'  seven  I  .ist  I'oast  c.ises  were  selected  tor 
pro  1  mil  liar'  .in.i  lysis. 

.A  se.irch  for  addition.il  cases  w.is  conducted  through  e\. imin.it  ion  of 
bM.'^T  images  received  t'rom  the  Universitv-  of  Ivi  scons  in  archives  for  the 
two  West  iloast  areas.  The  extents  ot'  yr.iv -shaile  areas  were  noted  .ind 
checked  careful  Iv  .igainst  the  coordin.ites  of  correl.itive  T. inds.it  scv'iies, 

.is  determined  from  the  ipierv-search  listinj;.  1  he  results  ot'  these 
comparisons  were  vl  i  sajiivo  i  nt  i  ng  as  concurrent  1  .iiulsat  cover. lye  .  in  .ill 
but  one  case,  fell  outside  the  ,irea  of  .inom.ilous  cr.i'  sh.ide  in  the 
corresi'ond  i  iijt  PMSl'  ima,(;e. 

In  addition  to  tliese  dat.i  searches,  .i  check  with  the  I  Ki'.S  P.it.i 
I'enter  .ilso  indie. ited  that  concurrent  1. inds.it  cover. lye  did  exisi  t\ir  two 
.inom.ilous  itrav-shade  areas  discusseil  bv  I  et  t  .iiid  Mitchell  ill'"').  Hie 
I'M.BP  im.ices  for  these  two  c.ises  were  iibt.iineil  tri'in  tlie  N.iv.il  I  nv  i  rv'iiment  .i  1 
Prediction  Kesearch  I'acilitv-. 

Keview  of  the  initi.ill'  selecteil  c.ises  indic.itevl  tli.it  si'me  ot'  tlu">i’ 
cases  were  vpiest  ionable  owini;  to  the  rel.it  ivelv  pov’r  vpi.ilitv  ol  the  l’'isp 
im.ijterv  receivcvl  from  the  two  d.it.i  sources,  .is  comp.ired  to  the  enh.incevl 
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uiiaj;os  sliouii  hv  l-ftt  and  Mitchell  (1M7'').  \er>  lev.  of  the  iraa>;es 
actiiiired  from  the  archive-^  at  either  t  lie  l)ni\ersit>  of  hiscoiisiii  or  at 
keesler  AIK  v%ere  of  comparable  quality.  Subsequent  1  \  ,  approximate!) 

■It'  additional  I'MSl'  imaye.s  where  anomalous  ^ray-shade  patterns  were 
obser\ed  within  areas  of  laquirted  low  \  i  s  i  b  i  1  i  t  >■  conditions  were  aciiuirid 
from  the  Natal  l.iu  i  ronment  a  I  I'rediction  Research  lacility.  .A  chock  of 
l.inds.it  coteraye  indie. ited  th.it  correl.it  ive  I  andsat  imayer)'  was  available 
for  sexen  of  these  cases. 

.>..1  I'iscussion  of  Problems  in  t'ase  Selection 

\s  expected,  the  maior  prol'lein  w.is  obt.iiniiii;  correlatue  I. andsat 
cover. lye  within  the  ex.ict  .ire.i  of  the  .inom.iloiis  );rav-s)iade  |iattern.  In 
a  number  of  inst.inces  when  concurrent  l.uuls.it  imayer)  was  .uail.ible,  tlie 
location  of  tlie  p.irticular  scene  or  sceiU"'  fell  just  initside  tlie  re^tion 
of  inti'rest.  I  ti  aildition,  on  .i  number  ot'  occasions,  tlie  I. ands.it  'ISS- I 
or  MSS-.S  band,  I'r  both,  were  un.o.  ,i  i  I  ab  1  e  in  the  dat.i  tile. 

Vnother  j'roblem  th.it  t'requent  1\  .nose  w.is  the  lack  of  either  tin. 
loy-  or  low-enhancement  I'MSl’  dat.i  from  the  .ircliixes  of  either  dat.i 
source;  furthermore,  evi'ii  wlu'ii  the  1  ow  -  enhancement  I'roducts  were  .i\aii- 
able,  the  oierall  qiialit)  of  some  of  the  imai;es  w.is  not  accejit.ible  tor 
detection  of  subtle  yrax-shade  patterns.  llie  \  er  i  f  i  cat  i  I'li  of  licht  l\yc. 
or  hace  situations  over  co.istal  waters  or  open  ocean  areas  was  also 
impossible  at  times  owiiii;  to  the  lack  of  ship  weather  observations 
within  the  gray-shade  areas  as  depicted  in  the  I'MSl'  im.iges. 

It  should  be  noted  that  because  ot  the  expense  in  acquiring  I andsat 
data,  the  corresiHiiul i ng  haiuisat  images  were  acquired  onl\'  for  cases 
where  anomalous  grti.v-shade  patterns  had  been  detecti-d  in  the  PMSP 
image.  It  w.is  not  possible,  therefore,  to  determine  whether  any  cases 
existed  where  a  haze  ]iattern  was  e\  ident  in  the  I. andsat  data,  but  w.is 
not  detectable  in  the  corresponding  I'MSP  inuige.  As  has  been  pointed  out 
above,  however,  anomalous  gr;i)-sh;ide  patterns  were  not  alwaxs  detect. ible 
in  I'MSP  iimiges  covering  areas  with  re]Hirted  low  \  i  s  i  b  i  1  i  t  i  cs  . 


3.1  I'a-f';  Act  oi'tahli'  tor  .\iial\sis 

I'Mi'  t'ollouiiij;  i ''  a  listiiin  of  i.'asos  that  vioi-o  ilot  oniiiiu'il  to  In* 
aoooi'tablo  based  on  the  I'reseiiee  of  anomalous  j;ray-shade  patterns  in  the 
I'MSl’  ima>;er\  ,  available  correlative  I'MSl’  and  l.andsat  iniayer'  ,  and 
available  weather  observations  that  sui'ported  the  presence  of  a  reduced 
visibilitv  situation  in  lijitht  foj;  or  ha;e. 

Jd  lull  I'.i'A;  over  water;  f.ulf  of  lonkin,  \iet  Nam 

Mav  lt>’l;  over  water;  California  Coast  ,  United  States 
J‘.>  .lulv  lU'S;  over  land;  Southeastern  United  States 
30  duly  lOTi;  over  land;  Midwestern  United  States 
Xiiyiist  I'd^S;  over  land;  Northern  Italv 
13  Auyiist  I'd'S;  over  land;  Mid-Atlantic  Coast,  United  States 
)  September  I'lTi;  over  land;  Mid-Atlantic  Coast,  United  States 
a  September  lt>'3;  over  land;  M  i  d-At  1  .int  i  c  Coast,  United  States 
11  October  lll'a;  over  hind;  Southeastern  United  States 
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1~  Auitu-^t  1;>"’~;  over  water;  liast  Coast,  United  States 
I'd  Xiiyust  l'd"7;  over  wtiter;  Mid-Atlantic  Coast,  United  St.ites 
-'3  Aiiyiist  I'd”;  over  w.iter;  Mid-Atlantic  I'o.ist  ,  United  States 
3  September  Id'”;  over  water;  Northeastern  United  States 
I  September  I'd";  over  water;  New  fn^land  Coast,  United  States 
Jo  Septeml'er  IdT”;  over  w.iter;  fast  Coast,  United  States 

3.S  linal  I’ase  Selection 


\  I'uml'er  of  the  initi.il  cases  became  unacceptable  for, one  or  more 
of  tile  ri.i^vvns  discussed  previoiislv,  such  as  hick  of  jirecise  hinds. it 
cover. lye  within  the  ai'ea  of  yrav -shade  pattern,  piior  ipialitv  I'MSl’ 
result  inj;  in  margin. il  .momaloiiN  gr.iv  shades,  sunj^lint  on  I'MSl'  im.iyery, 
missinj;  b.inds  on  the  lands.it  ima);erv',  or  poor  t  iminc  between  l.andsat 


anJ  UMSP.  I'he  cases  selected  tor  detailed  analysis  are  listed  tielov», 
the  analysis  of  these  cases  is  discussed  in  Section  4. 


Case  1:  May  li)'!;  over  water;  California  Coast,  United  States 

Case  2:  2'.)  July  1975;  over  land;  Southeastern  United  States 

Case  5:  15  August  19''5;  over  land;  Mid-Atlantic  Coast,  United  States 

l.'asc  4:  4  September  19"’5;  over  land;  Mid-Atlantic  Coast,  United  State 

Case  5:  5  September  he’s;  over  land;  Mid-Atlantic  Coast,  United  State 

Case  (>;  50  Jul>  19'’5;  over  land;  Midwestern  United  States 

Case  August  lU’S;  over  land;  Northern  Ital>' 

t!asc  8;  14  October  1975;  over  land;  Southeastern  United  States. 


4.  COMP  A  R  AT  IV  li  .WAl.YSIS  Ol-  DMSP  .-VNU  lASDSAT 

ima(;i;ry  tor  sPLiiCTPi)  casi;s 


I’he  comparative  analysis  of  DMSP  and  I.andsat  mult  ispcctral  imagery 
for  the  eight  cases  listed  in  Section  3.5  is  presented  below.  The 
I)MSP  images  for  the  first  two  cases  are  also  discussed  by  Ictt  and 
Mitchell  (1977). 

4.1  Case  1:  22  May  1974  -  Southern  California  Coast  (over  water) 

A  low-enhancement  DMSP  niR  image  taken  at  1615  GMT  (091.5  PDT)  on 
22  May  1974  shows  an  early  morning  fog/stratus  band  off  Point  Arguello, 
California  (Figure  4-1).  Another  low-enhancement  \HR  image  taken  over 
two  hours  later  (1850  G.MT)  shows  that  the  intial  fog/stratus  band  had 
dissipated,  now  appearing  as  an  area  of  anomalous  gray  shade  (Figure  4-2). 

A  I.andsat  pass  occurred  at  1806  CNFF,  44  minutes  prior  to  the  time 
of  the  second  DMSP  image,  which  shows  the  anomalous  gray  shade  (the  area 
covered  by  the  Landsat  image  is  indicated  in  Figure  4-2).  Tlie  I.andsat 
MSS-4  and  M.SS-5  band  images  are  shown  in  Figures  4-.5a  and  4-3b,  the 
MSS-6  and  .^ISS-7  band  images  are  shown  in  Figures  4-4a  and  4-4b. 

Although  no  surface  weather  observations  fell  within  che  boundaries 
of  the  Landsat  image,  it  is  apparent  that  the  gray-shade  pattern  observed 
in  the  DMSP  image  was  probably  caused  by  a  combination  of  high  humidity 
and  small  stratocuraulus  cloud  cells.  Most  likely,  the  early  morning 
fog/  stratus  located  off  Point  Arguello  had  dissipated  somewhat  and 
risen  to  form  a  layer  of  stratocuraulus  clouds.  In  the  MSS-4  band,  there 
is  some  haze  associated  with  the  clouds.  The  haze  can  also  be  detected 
in  the  .MSS-S  band,  but  not  at  all  in  the  MSS-6  band.  In  the  .MSS-7 
band,  only  the  cloud  immediately  over  the  coastal  region  is  obsert'ed. 

Two  distinct  brighter  cloud  (or  fog)  areas  are  seen  in  the  Landsat 
images  along  the  coast  (Figure  4-3);  in  the  second  DMSP  image,  however, 
the  whole  area  is  an  anomalous  gray  shade  with  no  difference  in  tone  at 
those  particular  places  (Figure  4-2).  It  is  possible  that  during  the 
44-minute  time  period  between  the  Landsat  observation  and  the  second 
DMSP  observation,  dissipation  in  the  cloud/fog  areas  occurred  to  the 
point  where  these  areas  arc  no  longer  evident  in  the  DMSP  image.  In  the 
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I.aiulsat  imajio,  osi'oc  ial  ly  MSS-.S,  small  'Mark"  areas  are  seen  alon^;  the 
coast  (,Fij;iire  -l-oh);  these  [lattenis  were  prol'ahly  caused  !>>•  calmer 
waters  in  the  lee  of  the  land,  as  com]iared  to  rou>;her  waters  iust 
offshore  under  the  influence  of  strong  winds. 

The  ISOO  I'lNrr  surface  weather  reports  showed  tinit  tlie  moisture 
associated  with  the  initial  foj;  situation  was  confined  to  the  coastal 
regions  as  the  lower  atmosphere  is  very  dry  just  inland  from  the  coast. 
There  was  a  frontal  system  api'iroachiiii;  from  the  northwest,  associated 
with  a  deep  troui^h  in  tlie  (lulf  of  Alaska,  and  another  weak  troui;h  located 
southwest  of  the  anomalous  grax-  area;  however,  there  was  no  sij;nificant 
weather  associ.ited  witlt  it  at  that  time.  Hie  winds  offshore  were 
stronj;  laveraj^inv;  knots)  from  the  nortli-northwest  and,  in  general, 

the  ocean  waters  were  rou^jh  except  in  sheltered  coastal  re.i;ions. 

l.J  Case  d;  JP  duly  IP'-S  -  Southeastern  United  States  (over  laiul) 

A  low-enliancement  i'MSl'  I'liR  image  of  .Iul>'  1P7.S  (l-I.^.S  (.’iMT)  ,  shown 
in  figure  4-S,  disiMax's  a  hand  of  liigh  reflectance  associated  with 
reported  ground  fog  and  clouds.  Just  soutli  of  the  hriglit  hand  is  an 
anomalous  gray-shade  pattern,  with  distinct  tonal  stejis,  located  over 
kentuck)',  I'ennessee,  and  the  (Tirol  inas.  This  gray-shade  jiattern  ajii’ears 
to  he  associated  with  haze,  smoke,  and  high  humidity  within  moist  trop¬ 
ical  air  advecting  nortliward  ahead  of  a  tropical  deiiression  tliat  had 
just  moved  inland  from  the  Ciulf  of  Mexico.  The  elongated  hriglit  Iniiui 
and  anomalous  gray  shades  are  located  in  the  (leripheral  suhsidence  area 
ahead  of  the  storm  si'stem.  Surface  temperatures  witliin  the  anomalous 
gray-sliade  region  were  reported  to  he  ((i(->°-7.S°f )  at  the  time  of 

the  liMSr  oliservation  with  a  temjH'rature  dew-point  spread  of  only  l''-7‘’('. 
Also,  visihilities  were  reported  to  he  general  !>'  under  three  miles  in 
haze,  ground  fog,  and/or  smoke. 

A  correlative  1  andsat  scene  for  the  area  indicated  in  figure  -l-.S 
was  taken  at  IS.'O  ('iMV  (about  an  liour  after  the  I'MSP  ohsen  at  ion) .  The 
four  MSS  hands  are  shown  in  figures  l-cwi  to  l-iwl.  In  the  Tandsat  images, 
the  bright  cloud/fog  area  is  easily  recognizable.  In  addition,  a  hazy, 
gra>’  tone  can  he  seen  in  the  MSS-4  and  MSS-S  hands  (figures  T-i'a  and 
t-(ih)  within  the  region  of  anomalous  gr.ai-shade  pattern  disjil.iyed  on  the 
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I'MSl'  imai;*.'.  lurthor  comp.irisoii  Dt'  tho  aiul  landsat  ‘'ISS-'J  aiul  MSS-S 

bands  shows,  however,  that  the  distinct  lioiindaries  of  j;ra>’-shade  tones 
vlispla>ed  on  the  I'MSl'  ima.ee  are  not  detectable  in  the  l.andsat  ima>;es. 

Two  surface  reports  iri>;ure  l-tibt  indicated  tliat  tem]H'ratures  had  I'isen 
to  o0'\'  1  b>  1500  on. 

Ihe  '‘ISS-o  and  'ISS-"  bands  of  the  landsat  scene,  shown  in  I  ij;ure^  l-('c 
.md  1-nd,  displa>  a  considerably  brit;hter  terrain  back};round,  as  corai'ared 
to  the  '■ISS- 1  .ind  MSS-5  bands.  The  'ISS-t'  band  (riRure  l-oc'  displays  a 
slight  ind ic.it  ion  of  haziness  when  compared  to  the  MSS-'  band  il  igure  T-od' 
tlie  contr.ist  in  MSS-~  is  much  sharper,  esj'eciallv  over  the  lake  in  the 
upper  left  corner  of  the  image,  and  there  is  also  cons i derab 1  >•  less 
"fuzziness"  over  the  terrain.  The  MSS-n  .ind  ~  data  also  clearl>'  rexeal 
tlie  I'resence  of  cons  ider.ible  cumuliform  cloudiness  within  the  region 
of  the  bright  I'and  displayed  on  the  I'MSl'  image.  Ihe  w.iter  bodies  witliin 
the  scene,  especi.illx'  the  lake  in  the  northwest  corner,  can  be  used  as 
,1  reference  in  comp.iring  the  \arious  spectr.il  bands;  this  lake  cannot 
be  detected  in  the  MSS-l  and  5  bands  but  is  readilx’  detected  in  the 
near-  i nf  r.ired  b.inds  . 

\s  seen  in  figure  T-Oa  to  1-(h1,  large  I'atterns  may  be  difficult  to 
detect  in  lands.it  images  over  land  are, is  because  of  the  highly  variable 
reflectance  of  the  terrain  background.  Moreover,  the  high  reflect. nice 
of  vegetation  in  the  near  infrared  (MSS-t'  and  especial  !>■  MSS-i")  makes  it 
e.xtremeh  difficult  to  detect  subtle  cloud/haze  jiatterns  in  those  bands. 

\s  nott'd  aboxe,  however,  the  cloud  .ire.i  in  the  'ISS-”  band  is  seen  to 
con-^ist  of  both,  cumuliform  and  cirriform  clouds;  considerable  detail 
in  the  clouds  is  lost  in  the  visible  bands. 

I .  I'.ise  .5:  15  \ugu.st  l'.'”5  -  M  id- \t  1  .int  i  c  I'o.ist  iover  l.iiuii 

\n  e.xcellent  e.xaiaple  of  multilavered  anomalous  gr.i\  shades  is 
readily  seen  on  the  low-enhancement  I'MSl'  MIR  im.igerx-  taken  .it  IIJJ  f.Ml 
(figure  l-”1.  The  .ire.i  of  .inoraalous  gr.i>'  sh.ule  is  confined  to  j'ortions 
of  \irginia.  North  t'arolina,  and  ..nnessee.  Ihe  are.is  covered  b>'  two 
correl.it  i\e  lands.it  scenes  and  the  IJOO  ^',^^l  surface  weather  obserx  .it  i ons 
.ire  indie. ited  in  figure  I-.S.  The  hatched  area  indicated  inside  the 
boundaries  of  the  landsat  scenes  defines  the  anomalous  gra\-  shade 
.ippe.iring  on  these  images. 


I,1)W  I  iihanci'iiRMit  OMSI’  VIIK  lin.i,t;c  at  I  IJJ  (IMT  on  IS  Ainnist  IP 
with  Area  oi'  I'orro  1  at  i  vo  I  aitvlsat  lmaj’.ov\  Ont  lined  and  l.’OO 
CiM'l  Siirt'ai.o  Koathon  Ohso  r\  a  t  i  Shown 
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Iho  1, mils. It  ot'soi'x  at  1  on  ,  uhuii  wa-  lakon  on  1  \  I'lu’  hour  attor  t  ho 
I'MSr  imaj’,0,  oo\ors  a  ,i;ooil  portion  ol'  t  ho  anoma  Kni--  k''"  •"'i'-'-  1 

MSS- 1  imay.o  (liiuiro  )-'.•)  i  o\tioniol\  ha:\  o\i'r  t  hi'  ont  i  ro  ari'a  viovo'd. 

Iho  MSS  S  iniap.o  i ''  ''li>;htl\  ha:\,  uhori'a''  t  lu'  'ISS  ('  aiul  ''  nnajp"-  aro 
rolati\ol\  oloar  (MSS-"'  i '-houn  in  li^piro  I  10).  It  i  i  nt  ort"'t  i  nj;  1 1* 
noto  that  in  the  MSS- 1  iniao.o  t  ho  uppor  lol't  h.iiul  oornor  ha--  tho  -.imo 
vlouvl  haiiii  (nu'-itli  oumulu'il  th.it  o.in  ho  --ooii  on  t  lu'  I'MSI'  imai'.o,  .iiui  t  lio 
lowor  ri  j’.lit -haiul  oornor  i --  --oiiu'uh.it  oloaror,  ro  I' 1  oo  t  i  nr,  th.it  portion  ol 
tho  iiiia^p'  outsulo  tiu'  .iroa  ot'  .inomaloii--  r.r.n  .i--  i  ■-  Oopiotoii  I'li  tho  l"1'0’ 
o\orl.i\  tl  i,i;iiro  1  S).  Iho  'ISS  1  iin.ir.o  tor  tho  aili.ioont  --oono.  -hoiin  in 
li.ipiro  1-1  1,  \  ioK-.  .Ill  .iro.i  iio-t  north  I't'  !  lio  houiul.ir>  v't  t  lu'  hr  i  I'.lit  i"-t 
.inoiiia  loll'-  i;ra\  aro.i  in  tho  I'MSI';  oon--i'iiuont  l\  'ISS  1  i  ■-  on  1  \  ''li);ht  l\ 
h.i;\  ,  .iiul  tho  MSS  .S .  (>,  .iiul  '  h.iiul--  .iro  olo.ir.  Iho  --.iiiio  oloiul  I'.iltorn-- 
that  .110  soon  on  tho  I'MSI'  iin.ir.o  o.in  ho  ulontitiotl  in  tho  uppor  lott 
oornor  ot'  l  i.riiro  -l-ll. 

North  aiul  uost  ot  tho  aiu'iiia  1 1'lis  r.r.n  ropion  thoro  \voro  nunioroii'- 
lir.ht  -.howors  .iiul  t  hiiiulorst  onus  ovloiulinr,  a  Unir.  a  st.it  ion. ir\  t  lanit  I  roiii 
M.ir'l.iiul  to  a  uoak  Uni  oi'ntor  o\or  I'hio.iro  .iiul  ovtoiuliiii;  si>ut  lu'a -•  t  \\.i  r.l 
Ihroiir.h  tiklahoiii.i  into  tho  lov.i--  I'.mh.iiulU'.  1  h  i --  ii.is  tho  tiirtho-t  soiilhorn 
ponot  r.i  t  i  on  of  .in\  trout  o\or  tho  past  \\ook  .is  tho  uppor  .i  i  r  t  lov\  h.ul 
roiii.iinoil  uo.ik  .iiul  I'roiloiii  i  n.int  I  \  t'ri'iii  tho  --outh.  In  tho  --oiitho.i'-t  oi'irulor 
in  tho  ro_i;ioii  whoro  tho  .iiu'iiia  1  oio-  j;r.i\  sh.nlo  is  loo.itoil,  thoro  ii.o-  .i 
hri'ail  .iro.i  I't'  tor,  .iinl  h.i'o  \>  i  t  h  \isihilitios  r.onor.ill'  loss  t  h.in  tour  iiiilo 
.iiul  ilou  point  t  ompor.it  iiros  ot  J1  .' r'l'  t’l's''!  1  (I  iruro  t  SI. 

1.1  I  .ISO  I:  I  Soptomhor  I'.'".'  M  ul  Mi.intu  loast  tovor  l.iiul' 

\  loi\  onh.iiU'oiiiont  l"l'tr  \1IK  iin.ir.o  ot'  llsS  uNfl  on  1  Soptomhor  I '' '  > . 
shown  in  l  iiMiri'  1  1.'.  ili--pl,i\s  i  wi'l  1  ilol'ino.l  .inom.ihnis  );r.i\  -h.uii' 
pattorii  loo.itoJ  o\or  p.irt--  v't'  kt'ntuvkx.  lonno-soo.  '1 1  --- 1  i  pp  i  .  .iiul 

Ark. ins. IS.  Iho  li'o.ition  ot  twv'  oiir  ro  1  .i  t  i  \  o  1  .in.l-.it  -.rono-- .  t.ikon 
.'S  miiniti's  l.itor  .it  II'.M'  uMI.  .iiul  tho  1  -I'l'  SMI  surl.uo  wo.ithor  oh--or 
v.itu'iis  tor  st.it  ii'iis  in  tho  .iro.i  .iri'  '  'lown  in  I  iruro  I  1  v 

Iho  MSS  1  h.iiul  iiii.ir.os  tor  tho  two  I. uuls.it  --i  onos  (1  ir.uros  1  1  1  ,uul 
•I  ll'l  \  I  ow  tho  ror.ion  of  .inom.i  I  oio-  r.r.n  sh.ulo  p.ittorn  --howiiii;  l  ho 
m.iv  iimiiii  hrifthtnoss  on  tho  I'MSI'  imar.o.  lhi'-;o  \isihlo  h.iiul  imar.os  o.u  h 
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dis|'iay  ail  uvotall  haziness,  eonii'ared  [a  the  ''ISS-f',  e,  aiui  '  hands, 
i\hieh  appear  eompletely  haze-t  ree  t  imaj;es  not  stiown).  \lso,  rows  ot 
siiia  1 1-eel  leil  euriitiliis  elotuls  not  ohserred  in  the  louei'  resolution  I'MSP 
iinai;erv  are  observed  in  the  landsat  data. 

The  overall  synoptie  pattern  indieated  a  stationar>'  liiith  pressure 
'^vstem  over  the  entire  re_i;ion  with  ealni  to  lijtlit  soutlierlv  surt'aee 
winds,  eonsiderable  1  iitlit  t’oe.  and  haze,  and  hi);li  huinidit>'.  At  lai'd  ilMI  , 
surt'aee  temperatures  were  j;enerall>’  in  the  2"°  to  vO''t’  ranj;e  (low  to 
i!iid-SOs°l' ) ,  with  dew  point  t  empei'atures  y.enerally  near  Jl^f  (TO"!'!. 

! . base  S;  S  September  l‘.)~S  -  '1  id- \t  1  an t  i e  t  oast 

\  relativelv  broad  .u-ea  t>t'  anomalous  y.ray-shade  pattern  o\er  the 
southeastern  part  ot'  the  eountr>'  is  deteetable  in  the  low  -  enhanei  ment 
I'MSP  imai;e  of  a  September  li'^S  (I'iipire  l-li'l.  In  faet  .  at  le.ist  sown 
distinet  i;ra>’  tones  e;in  be  deteeted  within  the  <.'\erall  I'MSP  anomalous 
i;ray-shade  pattern  (jn-imarily  over  the  farolinas,  near  the  rie.ht  ed.ye  of 
the  imai;e).  bow  visibilities  were  reported  in  lii;ht  fop,  and  haze,  with 
dew-point  depressions  of  I"  to  a"!'. 

Unfortunately ,  the  landsat  eoverape  on  S  SejU  ember  was  Just  to  the 
west  of  tlie  most  distinct  anomalous  pra\-sliade  pattern  in  the  eorres- 
pondinp  I'MSP  imape  (the  landsat  eoverape  is  indieated  in  Pipure  l-lol. 
Since  there  was  only  a  one-hour  dit'ferenee  in  time  between  the  I'MSP  and 
landsat  observations,  and  the  cloud  cells  seen  in  the  I'MSP  imape  can 
also  be  seen  in  the  center  of  the  three  landsat  scenes  tl  ipure  1-1''. 

The  l.andsat  imape  to  the  north  eo\evs  the  area  where  the  I'MSP  imape 
disj'lays  three  distinet  tonal  let’els.  I'he  MSS-4  band  ot'  this  particulai- 
seene,  shown  in  Pipure  I-IS,  displays  an  overall  haze,  Init  no  distinct 
variations  in  tone  can  be  detecteil.  The  MSS-S  band  of  this  scene  inot 
shown)  is  less  hazy,  and  no  liaziness  is  apparent  in  either  the  MSS-e 
or  7  bands.  Apain,  because  of  the  variable  backprouiul,  it  is  dit'ficult 
to  maj'  subtle  haze  I'atterns  in  the  landsat  imapes.  \  difference  in  the 
overall  haziness  can  be  noted,  howeter,  in  a  comparison  befwi'on  tlie 
MSS--I  imapes  (Pipure  I  ISl  .iiul  the  southernmost  scene  (Pipure  1-lt'i;  the 
former,  which  is  in  the  area  of  the  I'MSP  anoiiuilous  pray-shade  pattern, 
is  considerably  more  hazy  than  the  latter,  which  is  in  an  area  that 
appears  clear  in  the  I'MSP  imape. 
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Several  areas  ot'  iim  1 1  i  1  asereil  aiiom.i  1  on*’  rrav  sliaJes  sail  be  sli'levtiil 

III  a  Unv -eiiliaiieeinent  I'MSl’  inuii’.e  taken  at  11 IJ  ilMl  on  all  Jul\  lll'fi 

(.1  ii'.ure  l-JO).  \  1  tlioiij’.h  a  l.ainJsat  iiiiat’.e  covers  the  area  wlieri'  tiu're  ari’ 
lour  slit'terent  tones  si  i  splas  iisl  in  the  I'MSl’  iiiiaj^e,  no  tiuial  si  i  t't'erences 
sail  he  seen  in  an\'  sit  tlu'  I'snir  l.aiislsat  ''pectral  h.nisls.  One  l.aiislsat 
'.cs'iie,  ivliich  IS  over  a  lij'.liter  tsinesl  aiisniia  Ions  Kray  area,  shows  iiisire 
liaciness  in  the  MSS- 1  iiiuiKe  (1  iK'H'e  I  Jl)  than  another  l.aiislsat  scene 
that  is  iivsir  a  shirker- tonesl  aiisiiiia  Isnis  k'"-"'  ''CKioii;  in  both  ot'  these 
scenes,  hsiweier.  the  .'ISS  b.  n.  aiul  '  baiisls  slispla>’  no  haniiu-ss.  1  he 
MSS  (1  ini. lye  is  shown  in  1  iKoi'e  1--^.  I  he  time  si  i  ri'ereiue  between  the 
I'MSl’  ansi  l.aiisls.it  observat  i sms  is  absnit  1-1/-’  hours. 

1  \aiiiinat  isMi  of  met  osiro  Iok  i  ca  1  csnisl  1 1  ions  slisnss  that  the  we.ither 

■vsts'iiis  h.isl  bs'en  relativel\'  wi-ak  tor  several  slax's  with  no  I'rsnit.il 
p.issai'.es  throuKli  the  keiituckx-t'hio  roK.ion.  S  i  v.ii  i  t' i  cant  we.ither  w.is 
s'oni  inesl  to  the  I’lull'  tlsi.ist  stats-s  where  showers  .iiisl  t  huiuls-rst  onus  ws-rs' 
rs'i'ort  I'sl .  Ivs'r\'  sout  lu'in  state  repsirtesl  slew-point  t  eiiiper.i  t  urs's  I't' 

-l"  ts>  Jl"!:  (Isiw  to  misl  7lls‘’h1  on  the  1  Jt'l'  OMI  report,  aiisl  this  very 
liumisl  air  w.is  respsuisible  I'sir  the  heav\  siowiipours  that  ssere  t  r  i  I’l'.erssl  b> 

.1  we.ik  low  s'eiiteresi  m  er  New  Orlssins.  Ills’  liumisl  air  s'xts’iislesl  iisirth  nits' 
keiilus'ks  .iiisl  Ohio,  aiisl  there  were  nuins'rous  reports  sM  n-si  r  i  st  esl  sisibilit 
III  I  oi;  aiisl  haze  in  this  rs')’,  ii'ii. 

1.  ■  r.i>e  .Xuj'.iist  l''’.b  Xi'rtliern  llals  (ovs-r  l.inll 

.\  low  s'lih.uisemen t  I'MSl’  Milt  imaKi'  t.iki-n  .it  I'SIS  ilM,  im  \u;'.U'.|  1  o  .. 

(I  iKuri'  1  -’Si  shows  .1  p.itchwork  area  ot  mult  il.nerssl  .iiun’i.i  loir,  j’l.is 
los’.itisl  north  of  tis'iio.i  in  northern  ltal\  ;  sess  r.il  other  simil.n  i;r  i\ 

■Ji.isle  patterns  .ire  -.c.i  1 1  s’ resl  t  h  rs'uj'Jisui  I  siniths’i’ii  I  uri'pe  l.iiwl  .it  iiii,iks’>J 
t.iki’ii  one  hour  .liter  tin-  I'MSl’  I'leo'in  .i  t  i  on ,  los.itssl  sner  t  lu’  .ire.i  I'l 
. mom. 1  Ion-.  i;r,i>  i.luisle.  shows  no  sli’.tinct  ti'ii.il  \. iri.it  isui-  tli.it  .in  be 
r<’l.it<sl  t  >  I  lio.’.e  sei.’ii  in  tin’  I'MSl’  im.iy.s'.  .i  1 1  hiniy.li  tin  ’l-s  I  b.iiwi  sb's”- 
ippe.ir  li.i  .Her. ill  (lijMiri’  1  ’1  .  the  llt'S  ,  (I.  .iiisl  lUi.iKi's  .ir,-  ,  le.ii. 

I  he  'Is.’'  t  im.iju’  I'.  ’.Iiowii  in  1  iipire  1  I  hers-  ws'i’i'  no  sui’t.i.  e  we.ither 

is'port  .  .iv.iil.ible  in  the  .irs'.i  wl'vl'i’  the  .inoiu.ilsms  j’.r.is  sh.isb’  p.itts’rn  w.is 
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most  iiUoiiso,  Init  just  outsido  this  area  tiiero  were  several  reports  ot' 
hijtli  Immidity  and  restrieted  visihility  in  t'ojt- 


■1 .  S  t'ase  8:  14  October  lO'S  -  Southeastern  United  States 

lo\er  Ivind) 

Several  anomalous  t;ra\’  shade  patterns  coverini;  a  bi'oad  rey.ion  ol' 
the  Southeastern  United  States  can  be  identifieil  on  a  loK-enhancejiient 
UMSP  MIR  imaee  taken  at  l  lSo  UMT  on  11  (Ictober  l'.i''5  (,!  ij;ure  4-dol. 
Althouith  l.andsat  iraa\;es  were  not  available  t'or  this  case  over  the  repiini 
of  the  1  ijthtest-tone  anomalous  gra.'-shade  pattern,  two  scenes  \  ieKitpi;  an 
area  of  darker-toned  anomalous  pra>'  v\ere  available.  Ixamination  of 
these  iinavtes  attain  shows  an  overall  haziness  in  the  MSS-1  band  of  one 
of  these  scenes  ll-ijture  4-J~),  whereas  the  MSS-.S,  (> ,  and  ^  Ivuids  are 
clear.  The  .^ISS-()  imaitc  is  s!\own  in  I'ijture  l-dS.  Since  the  1  andsat 
observation  was  1-1/d  hours  after  the  UMSI'  observation,  it  is  possible 
that  some  of  the  anomalous  i;ra>'  shade  had  diminislu'd.  I'he  air  over  the 
eastern  half  of  the  United  States  was  increasinjtly  more  sta,enant  during 
the  five  days  prior  to  the  date  of  ol'servat ion ,  and  within  the  general 
are.i  of  the  I'MST  anomalous  gra>'-shado  pattern,  there  were  numerous 
reports  on  the  IJOO  UMf  surface  cha’'t  of  fog  .iiul  haze  w  i  t  ii  moderate  to 
high  humiditv. 
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5.  l\Vi:STU'.AT10N  01-  Tllli  lil-l'LCl  OF  WAll-.R  VAPOR  ON  VlSlBl.l: 

AND  m;ar-infrari;i)  imaofry 


S.l  IiU  roliuct  ion 

Both  the  DMSl’  MIR  and  l.andsat  MSS  instruments  view  a  hij;hl>-  complex 
i;eoph>s i ca  1  surface.  As  these  sate  1 1  i te-hased  radiometers  scan  the 
eartit  scene  within  their  respective  fields  of  view,  a  multishade  ima^e 
of  individual  resolution  elements  or  pixels  is  formed,  each  with  a 
characteristic  inherent  brightness  caused  b>'  the  scene's  areal  inhomo¬ 
geneity.  Quant itat ivel>-,  the  brightness  of  each  pixel  expressed  in 
terms  of  a  measured  intensity  is  dei'eiuient  on  a  number  of  identifiable 
parameters  including  geometric  factors  (solar  ele\ation,  azimuth  angles, 
and  viewing  geometr>),  reflecting  properties  of  the  surface  (its  spectral 
ref  1  ect  i  vi  t>  )  ,  and  the  comiios  i  t  i on  of  the  intervening  atmos]ihere  (abun¬ 
dances  of  water  vapor  and  other  absorbing  gases  and  amounts  of  \arious 
particulates  such  as  aerosol  and  hazel. 

An  additional  consideration  with  particular  relevance  to  I'MSP/ 
Landsat  data  comciarison  is  the  highl\’  structured  spectral  nature  of  the 
observed  earth-atmosphere  system.  In  addition  to  variation  witliin  the 
f ield-of-view,  for  example,  both  surface  reflectance  and  atmosjiheric 
absorption  and  scattering  properties  are  finictions  of  the  waxelength  of 
observation.  Interpretation  of  imager>  is  complicated  by  the  difficulty 
of  establishing  a  one-to-one  correspondence  between  ph>sical  features 
and  measured  intensities  when  the  spectral  bandwidth  of  tlie  sensor  is 
wide  enough  to  be  sensitive  to  a  variet\  of  wavelengtli-dependent 
phenomena.  Therefore,  there  is  a  siiectral  resolution  prolMem  in  addition 
to  the  more  commonly  considered  areal  resolution  [’roblem. 

In  this  section,  a  number  of  simple  models  based  on  radiative 
transfer  theory  are  applied  to  the  I'MSP  spectral  interval  (0.  t  to  1.1  um) 
to  elucidate  the  ('articular  interaction  mechanisms  prevalent  at  \arious 
wavelengths  and  to  simulate  mathemat  ic;i  1 1\’  the  intensities  that  would  be 
measured  by  both  the  PMSP  VIIR  and  Landsat  MSS  instruments.  In  par¬ 
ticular,  the  cases  of  a  relatively  clear  atmosphere  and  one  with  reduced 
visibility  arc  compared  for  varying  amounts  of  water  vapor  abundance. 


5.2  Characteristics  of  Absorption  and  Scattcrinj;  Mechanisms  within  the 

1)MSP  Spectral  Interval 

Both  the  DMSP  \HH  and  the  l.andsat  MSS  are  sensitive  to  radiation  in 
the  0.4  to  1.1  um  wavelength  region.  Ihe  spectral  response  corves, 
of  each  of  these  instruments  are  illustrated  in  I  it;ures  2-1  and  2-.5, 
respectively  (Fett  and  Mitchell  1077,  Norwood  et  al.  1072).  An  essen¬ 
tial  feature  dist  in^ui  shiiiji  the  two  instruments  is  the  division  of  the 
spectral  interval  into  four  distinct  bands  by  the  l.andsat  .sensor.  These 
bands  are  desij^nated  M.SS-4,  5,  b,  and  ",  respect  ivelw  Band  limits, 
center  wavelengths,  and  band  number  are  given  in  fable  5-1.  In  contrast, 
the  HMSP  VIIR  has  one  cliannel  within  the  same  s[icctral  region  centered  at 
a|)|)ro.\imately  0.8  um.  Appro.ximate  response  curve  values  are  given  in 
I'able  5-2.  For  this  reason,  the  l.andsat  instrument  has  a  higher  spectral 
resolution  forming  the  basis  of  the  OMSl’  landsat  mul  t  i  spect  r.al  data 
com])arison. 

A  variet>’  of  absorption  and  scattering  mechanisms  are  active  in  the 
visible  (0.4  to  0."  nm)  and  near- infrared  (0."  to  1.1  ym)  spectral  regions. 
For  the  purpose  of  data  comparison,  the>-  can  best  he  characterized  as 
either  resonant  or  nonresonant  phenomena.  Resonant  iMienomena  occur  at 
specific,  iiredictable  wavelengths  or  wavelength  intervals,  while  nou- 
resonant  phenomena  have  relatively  smooth  wavelength  dependence  and  are 
broadly  distributed  across  the  spectrum.  Kithin  the  0.4  to  1.1  luiii 
wavelength  region,  the  jirimary  sources  of  resonant  opacity  are  the 
absorbing  gases,  including  water  vapor  and  ozone  (Goody  10o41,  while  the 
complementary  nonresonant  .sources  are  caused  by  molecular  (Raileigh! 
scattering  and  Mie  e.xtinction  from  particulates  in  the  form  of  naturally 
occurring  hazes  and  aerosols  of  continental  or  marine  origin  (be i rmendj ian 
1904).  fhus,  in  general,  resonant  mechanisms  will  affect  onl\-  a  iHirtion 
of  the  HMST  spectral  interval  (and  ma\  be  part icularl>-  significant  for  a 
given  Landsat  MSS  band),  while  nonresonant  mechanisms  influence  tite 
entire  wavelength  region.  For  example,  water  va)ior  is  more  important  in 
the  near  infrared  while  various  scattering  effects  caused  b>  hazes  are 
prominent  in  the  visible  (Isaacs  and  I'hang  19~5). 
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lANDSAT  MSS  BANDS 


Peak  l^es]ioiise  Ceiuer  Wavelength  Wavelength  Limit 

Landsat  MSS  Band  (uiii) _  (pni)  (.UH'I 
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llio  w;ivo  IcMij’.t  h  ik’iuMuloiK'o  of  tlioso  st'inirato  coat  r  i  hut  i  ous  t^i  the 
total  atMiosphor  i  c  t  raa'^mi  1 1  aaco  I'roni  tlio  sui-faco  to  si'aco,  T(X),  is 
shoua  ia  I'iituro  S-la  tlifoiii'.li  S-lo.  The  c|uaatit\’  dot  on;i  i  a  i  a^  tlio  ratio 
of  iacidcat  iatoasit)  to  traasmittod  iatoasit>  at  t  ho  sui'l'aoo  is  i  Ik- 
total  a  t  inosphof  i  0  ojitioal  dopth,  a  lii)',hl>  ua  vo  1  oaj'.t  It  do|)oadoai 

diinoas  ioaloss  I'arainotor  ;;ivoa  'n  : 


=  X  / 


)  1  O  .  (  X  )  +  k  .  I  A  )  1  d  - 


who  ro 


T.*(\l  is  tho  optical  dopth  dia'  to  ahsorbor  or  scatti-ror,  i 

Ujlz)  is  tho  auiiihor  iloasit)'  ]'rofilo  I'or  ahsorbor  oi'  scatti'ror,  i 
(cm  '^1 

o.(\)  is  tho  wavo  1  oaj’.t  h  do|'oadoat  scattoriap.  cross  soctioa  tor 
scattoror,  i  tern”! 

k.(,\)  is  tho  wavoloapth  ilopoiuloat  al'sorptiiia  cross  soctioa  t'or 
ahsorbor,  i  (cm“) 

Tho  iatopralioa  oxtoads  from  tho  surf.ico  to  spaco.  Aa  iacidoat 
hoam  of  i-adiatioa  at  tho  top  of  tho  atmosphoro  ot'  waooloapth,  \,  will  ho 
attoauatod  h>’  a  factoi’  oipial  to  tho  t  ransm  i  t  t  aaoo ,  T(\l: 


nxi  =  oxp  t-  V  t.") 

i 


oxp  (  -  1  .  * ') 


Plotted  ia  l-'iipiro  h-1  (al(dl  aro  individual  ooa  t  r  i  lait  i  oas  to  tho  total 
t  rtiasm  i  ss  i  V  i  t  >  caused  h\'  mcileoultir  so;i  1 1 1'r  i  ap ;  aerosol  oxtiactioa; 
o;i>ae,  carhoa  dioxide,  aitrop.ea  dioxiile,  t'llj,  aad  so  forth;  aad  water 
vapor.  Siaee  the  optiotil  depths  are  additive,  tho  t  r.iasmi  ss  i  \- i  t  i  os 
multi|il\  to  \  iold  tho  total  for  the  .itmosphore  (el.  t!.i  1  ou  1  a  t  i  ons  wore 
performed  usiap  computer  code  l.tVArUAN'  J  pAolhv-  aad  '‘lot’ 1  a  t  che\'  lt'''.'l  fvir 
a  tro|iical  atim'S|'here  with  reljitivo  humiilitv  of  about  Stt',.  at  tho  surt'aco. 
A  surface  vi:;ihilitv  of  J.’X  km  is  assumed  (that  is,  tho  aerosol  oxtiactioa 
at  ((.liS  iim  is  ('.1.>S  km  *).  The  iiuidol  atmosphoro  used  ia  tho  cominit  .i  t  i  oa 
is  pi  veil  i  a  I  1  o  h-.X . 


I  ransmissivity,  ma; 


rABij:  5-3 


NKJDliL  AlMOSPHIiRli  llSIil)  AS  A  BASIS  01-  I'lli:  COMl’U  TAT  ION  OF 
ATMOSniFOUC  OPTICAL  PROlTiRl'lF.S 


THOJTCAI. 


Ht. 

(km) 

Pressure 

(mb) 

Temp. 

("K) 

Oensitv 

(fi/m-^) 

Water  Vapor 
(j,'/m^) 

Clzoiu’ 

(«/'"•*> 

0 

1.  013I-:403 

300.  0 

1.  1G7K403 

1.  91:101 

5.  GK-05 

1 

9.  04  OK  102 

2  94 . 0 

1. 0G4K403 

1  31:101 

5.  GK-05 

2 

8.  050K102 

2  88.  0 

9.  G89K102 

9.  3K100 

5.  4K-05 

i 

7. 150K402 

284. 0 

8.  7  5GK4  02 

4.  7K100 

5.  lK-05 

4 

6. 330K+02 

277. 0 

7.  951K102 

2.  2K400 

4.  7K-05 

5 

5.  5  9  OK  4  02 

27  0.  0 

7.  199K4  02 

1.  5K100 

4.  5K-05 

6 

4. 920K402 

2G4. 0 

G. 501K402 

8.  5K-01 

4.  31: -05 

7 

4.  32  OK  *02 

2  57.  0 

5. 855K402 

4. 7K-01 

4. lK-05 

8 

3.700K102 

2  50.  0 

5. 258K<02 

2.  5K-01 

3.  9K-05 

9 

3.  2  90K4  02 

244. 0 

4. 708K402 

:.  2K-01 

3.  9K-05 

10 

2.  8G0K402 

237.  0 

4. 202K402 

5.  OK -02 

3.  9K-05 

11 

2.  4 7 OKI  02 

2  30.  0 

3.  7  4  OK  4  02 

1.  7K-02 

4. lK-05 

12 

2.  130K402 

224.  0 

3.  31GK4  02 

G.  OK -03 

4. 3K-05 

13 

1.  82  OK  4  02 

2  17.  0 

2.  92  9 1  : 102 

1.  8K  -03 

4.  51'- 05 

14 

1.  5  G  OK  4  02 

2  10.  0 

2.  578K102 

1.  OK -03 

4.  5K-05 

15 

1.  32  0K402 

2  04.  0 

2. 2 G OK 4 02 

7.  GK-04 

4.71'-  05 

IG 

I.  1  101:402 

197.  0 

1.  972 1:102 

G.  4K-04 

4  .  7 1-'  -  05 

17 

9.  37 OK*  01 

195.  0 

1.  G7GK102 

5.  GK-04 

G.  PK-05 

18 

7.  890K101 

199.  0 

1.  3  82  K 102 

5.  OK -04 

9  OK-05 

19 

6.  G60K401 

203.  0 

1.  14  5K4  02 

4 . 9K -  04 

1.  4K-04 

20 

5.  G50K4  01 

2  07. 0 

9.  515K101 

4.  5K-04 

1.  9K-04 

2  1 

4.  800K  +  01 

2  11.0 

7.  938K101 

5.  IK -04 

2.  4  I' -04 

22 

4.  090K401 

2  15.  0 

G.  G4  5K101 

5.  lK-04 

2.  8K-04 

23 

3.  500Kt01 

2  17. 0 

5.  G  181'401 

5 .  4 1-:  -  04 

3.  2K-04 

24 

3.  OOOKtOl 

2  19.  0 

4. 7G3K401 

G  OK -04 

3.  4K-04 

25 

2.  57 OKI  01 

22  1.  0 

4. 045K101 

G.  7K-04 

3 .  4  K -  04 

30 

1.  220K401 

2  32.  0 

1.  83  IKiOl 

3.  GK-04 

2.4K  04 

35 

G.  00nK400 

2  13.  0 

8.  GOOV'iOO 

1.  lK-04 

9.  2K-05 

40 

3. 050K+00 

2  54. 0 

4.  I8IK1OO 

4.  3K-05 

4  IK -05 

45 

1.  590i  :t00 

2G5.  0 

2. 097K40n 

1.  91: -05 

1.  3K-05 

50 

8.  540K-01 

27  0.  0 

1.  lOlKlOO 

G.  3K-0G 

4.  31-:- OG 

70 

5.  7  9  OK -02 

2  19.  0 

9.  2  1  OK -02 

1.  4K-07 

8.  GK-08 

100 

3.  000K-04 

2  10.  0 

5.  OOOK-04 

1.  OK -09 

4.  3K-  1  1 

Source;  Selby  aiul  McClatchey  (1P"J1 


On  oxamininj;  I'igure  5-1,  the  Jiffcrcuco  in  spectral  ilepeiulenco 
betvsccn  the  nonre.sonant  (.a  ani.1  h)  and  resonant  (c  and  d)  extinc¬ 
tion  mechanisms  is  immediately  apparent.  The  scattering  coefficient  for 
molecular  scattering,  (cm'*),  closely  follows  the  familiar  ' 

K.ivloigh  scattering  law  (with  a  sliglit  deivirture  owing  to  tlie  w.nelength 
dependence  of  the  index  of  refraction  of  air).  At  se.i  level  (p  -  KM.^  mb) 
for  the  cited  model  atmosphere  (McOlatchev  et  al.  ID'd)  ; 

O')  =  ‘5,.  U  =  0)  n  (c  =  0)  i  1.0)):J.S.5o  x  Id''  \ 

Ihe  corresponding  sharp  decrease  in  atmosplieric  t ransmi ss i \ i t\  toward 
siiorter  wavelengtii  can  he  seen  in  t-igure  .5-1  (a). 

The  situation  is  somewhat  more  complex  for  aerosol  extinction. 

Ihe  optical  properties  ot  the  specific  aerosol  or  hace  encouittered  de]'enil 
on  its  chemical  composition  (characterized  by  its  complex  index  of 
refraction)  and  the  size  ranges  of  particles  present.  Ana  1 yt i ca 1 1  ,  the 
extinction  coefficient  for  a  distribution  of  aerosol  inirticles  is  gi\en 
by; 

fo 

t'.j(')  =  j  Hr"  (m,  r,i)  n  (r)  dr  (5-1) 

o 

where 

r  is  the  radius  of  the  particulate 

lii  is  the  complex  index  of  refraction 

i.s  the  Mie  theory  (li)OS)  efficiency  factor  for  extinction 

n(r)  is  the  number  of  particles  per  unit  volume  lunween  size  r.inges 
r  and  r  *  dr. 

Similar  expressions  exist  for  the  aerosol  scattering  and  .ihsorption 
coefficients  with  The  Mie  efficiency  f.ictors  (\.in  de 

llulst  li).57)  are  comjilicatod  fui\ctions  of  the  particle  complex  index  of 
retraction  .md  a  dimensionless  parameter,  a  =  dTir/\,  sometimes  calli-d 
the  Mie  parameter,  figure  5-d  i  1  lust r.ites  the  oscillatory  beliavior  vxf 


no 


Efficiency  Factor  Qj(r,m,A) 


the  Mic  efficiency  factors  as  a  function  of  a  and  radius,  r,  at  a 
wavelength  of  0.55  urn.  The  index  of  refraction  is  taken  to  be  1.500  to 
0.02  i,  which  is  characteristic  of  the  accumulation  range  (^0.1  ^  r  ^ 

1.0  urn)  of  water-soluble  aerosol  material  (IVilleke  and  Hrockmann  lO”?). 

I'or  small  values  of  a,  the  efficiency  factor  for  extinction  is  |)ropor- 
tional  to  the  radius.  As  a  approaches  1.0,  the  behavioi-  of  ^ 
becomes  oscillator)'  with  a  maximum  at  about  u  =  4.  i'or  large  values  of 
a,  as\miototic  values  of  Q  =2,0  =1  arc  reached. 

livaluation  of  liiiuation  5-2  yields  the  wavelength  dependent  extinc¬ 
tion  (.or  absorption  or  scattering)  coefficients  (.3  =  3/**^^  +  3 

of  the  chosen  aerosol  distribution.  Their  corrcsjionding  wavelength 
dependence  will  depend  on  the  particular  size  distribution  and  index  of 
refraction  that  characterize  the  aerosol.  Traditional 1>',  this  depen¬ 
dence  has  been  described  by  the  Angstrbin  formula  (1929): 

3,^(A)  =  (5-5) 

figure  5-.5  illustrates  the  wavelength  dependence  of  three  aerosol  models 
(Shettle  and  i'ei^n  1970)  within  tlie  0.4  to  1.1  pm  siiectral  range.  The 
rural  model  is  closest  to  the  aerosol  model  used  in  the  calculations 
described  l)elow.  Measurements  support  (Ahlipiist  and  Charlson  1909)  an 
Angst rbm  coefficient  of  2  and,  as  can  be  seen  in  the  graph,  the  rural 
model  displays  this  behavior  approximately  within  the  spectral  range. 
Comiiaring  I’igure  5-l(b)  to  l•■igurc  5-l(a),  it  can  be  seen  that  the  sharj') 
decrease  of  transmissivity  at  smaller  wavelengths  characteristic  of 
Kayleigh  scattering  is  greatly  supjn'essed  for  aerosols.  However,  since 
Rayleigli  scattering  decreases  mucli  faster  at  longer  wavelengths,  the 
effect  of  aerosols  is  much  more  important  at  longer  wavelengths  (e.g., 
in  the  near  infrared)  than  molecular  scattering. 

I'he  effects  on  transmissivity  from  ozone  and  the  unifoi-ml\'  mixed 
gases  are  sliown  in  I'igurc  5- 1(c).  I'he  Chappuis  bands  of  ozone  lie  between 

0.45  and  0.74  pm  in  the  visible  spectrum.  rhe  maximum  absor]''tion  cross 

-  >1  ■> 

section  for  fliese  bands  (at  about  0.00  pra1  is  5  x  10  “■  cm“ .  An  integrated 

10  -  ’ 

ozone  column  ot  1.0(i8  x  10  cm  gives  an  optical  depth  of  0.05.54,  or 
equivalently,  a  transmissivity  of  about  0.95.  Tlie  effect  of  ozone  on 
remote  sensing  of  the  surface  is  therefore  negligible,  although  heating 


of  the  upper  atmosphere  from  this  absorjition  mechanism  is  imiiortant. 

The  feature  at  about  0.7b  pm  is  a  narrow  feature  caused  by  oxyKen 
absorption.  Its  effect  is  negligible. 

The  most  prominent  gaseous  absorber  within  the  spectral  region  is 
water  vapor  [Figure  5-1  (d)|.  Both  visible  and  near- infrared  bands 
appear  with  varying  strengths  and  positions.  Some  of  the  (.(ual  i  tat  i  ve 
features  of  the  figure  can  bo  delineated  using  Table  5-4,  which  gives 
the  tiuantum  mechanical  transition,  band  center,  and  strength  of  the 
water  vapor  bands  [Goody  19b4;  McGlatchey  et  al.  107.51.  [The  strengtli 
is  defined  as  the  integral  over  the  band  of  the  absorption  cross  section.) 
Bands  that  arc  identifiable  in  Figure  5-1  [d)  arc  marked  with  an  asterisk. 
Note  that  all  bands  are  ground-state  transitions  [initial  state  000), 
and  although  those  in  the  visible  [<  0.70  vnnl  are  relativel)-  weak,  the 
near- infrared  bands  [p ,  a,  x)  are  ratlxer  strong.  As  can  be  scei\  in 
Figure  5-1  [c),  the  shajie  of  the  total  transmissivity  curve  within  the 
0.4  to  0.7  u  region  is  largely  defined  b\’  tlie  combined  effects  of  molecular 
and  aerosol  extinction,  while  in  the  near  infrared,  the  shape  is  given 
by  the  aerosol  curve  with  the  water-vapor  structure  suiierimposed . 

5.3  Roles  of  Water  Vapor  and  Aerosol  Amounts  in  Reduced  Visibilitx- 

Situations 

Visibility  is  subjectively  defined  as  tlic  observer's  ability  to 
perceive  the  difference  in  luminance  between  an  object  and  its  back¬ 
ground  at  a  given  distance  [Middleton  1058).  Consider  an  object  with 
intrinsic  liuninancc  R^id)  against  a  background  of  intrinsic  himinance 
fij^[0).  The  intrinsic  contrast  is  defined  as; 

C[tn  =  [Bj,[0)  -  B|^[0)|/Bj^[01  [5-0) 

At  a  distance,  r,  tlie  apparent  luminance  modified  both  by  extinction 
reduction  and  scattering  sources  is  [Huntley  1048): 

'^o’b  "  *'a 
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I'ABLIi  5-4 


VISIBLE  AND 

NEAR  INFRARED  WATER 

VAPOR  BANDS 

Band  CentiT 

Strength 

Transit  ion 

(um) 

icm) 

000-411 

0.544 

2  X  lO"-''* 

->  *) 

000-205 

0.572 

1  .X  10'" 

000-401 

0.502 

^ 

3  X  10 

000-302 

0.502 

3  X  10-;-’ 

000-321 

0 . 504 

2  X  10 

000-1  15 

0.032 

2  X  10 

">  -> 

000-31  1 

0.052 

2  X  ur““ 

000-103 

0.O08 

-■>1 

1  X  10  “  * 

■)  *> 

000-400 

0.703 

1  X  10 

000-301 

0.723 

-  ■’1 

3  X  10  * 

000-202 

0.725 

-  ■’3 

<2  X  10 

000-221 

0.734 

-21 

0  X  10  * 

000-015 

0.700 

1  X  10'“' 

000-112 

0.80O 

.  ■>! 

0  X  10  * 

000-211 

0.825 

0  X  lO''''* 

000-210 

0.824 

1  X  10 

000-131 

0.847 

-  •'1 

2  X  10  * 

000-003 

) 

0.006 

-■>1 

2  X  10  * 

■) ") 

000-102 

0.920 

4  X  10'““* 

000-201 

0.042 

-■’0 

1  X  10  ♦ 

t  ■> 

000-300 

0.043 

0  X  10'““* 

000-121 

0.008 

-21 

2  X  10  * 

000-220 

0.072 

<4  X  lO'"'^ 

000-041 

1.010 

4.8  X  lO'''' 

000-012 

1.111 

,  ■>1 

1.2  X  10  ‘ 

000-121 

1  .  1 35 

5  X  10'"® 

where 


6'^  is  a  characteristic  extinction  length 

is  a  function  of  solar  zenith  and  azimuth  and  atmosplieric 
scattering  properties 

liquation  5-7  may  be  thought  of  as  a  simplified  solution  to  radiative 
transfer  along  a  horizontal  surface  sight  path.  The  apparent  contrast 
at  distance  r  is  then: 

C(r)  =  C(0)  p— ^,7)  (--Sr)  (5-8) 

Por  viewing  against  the  horizon,  (0)  =  B|,(i')  and  liquation  5-7  become: 
C(r)  =  C(0)  e.\p  (-Br)  (5-*.)) 


Standard  visibility  is  defined  as  that  distance  where  the  threshold  of 
contrast  perception  of  the  average  human  eye  is  readied  for  a  large 
black  object  against  the  horizon.  For  a  black  object,  C(0)  =  -1.0. 
Fxtensive  investigations  have  indicated  that  although  contrast  threshold 
is  a  strong  function  of  object  size  and  illumination,  the  value  reaches 
a  limit  of  ±0.02  for  large,  wel  1-i  1  luminated  objects.  From  liipiation  5-9 
visibility  (visual  range)  in  kilometers  is  (Koschmieder  1921): 


In  (0.02)  5.912 

6  B 


(5-101 


where 

B  is  the  total  extinction  coefficient  (km  S  at  0.55  qm  (peak 
spectral  response  of  human  photopic  vision) 

Visibility,  therefore,  is  largely  determined  by  optical  iroi'orties 
at  0.55  qm.  From  the  discussion  in  the  previous  section,  it  would 
apjiear  that  molecular  scattering  and  aerosol  extinction  would  be  largely 
responsible  for  reducing  visibility. 
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4V./1  ui  Huiirr  \tijiur  apuiiuaiic'c  • 


To  investigate  the  relative  effci-ts  of  varying  water  vapor  and 

aerosol  amounts  on  the  entire  spectral  interval  (0.4  to  1.1  am],  model 

atmosphere  calculations  of  the  transmissivity  spectrum  analogous  to 

Figure  5-1  (e)  were  generated  using  the  LOW'IRAN  2  program  for  three  water 

vapor  amounts  and  two  visibilities.  Assumed  integrated  water  vapor 

2  2  2 

amounts  were:  3.35  g/cm  ,  0,335  g/cm  ,  and  0,0335  g/cm  .  These  values 
correspond  to  surface  relative  humidities  of  approximately  80%,  8%,  and 
0.8%,  respectively,  for  the  tropical  atmosphere  used.  The  aerosol 
amount  was  determined  by  the  visibility  at  0.55  am.  The  two  models 
selected  were  23  km  (relatively  clear)  and  5  km  (hazy) .  They  correspond 
to  aerosol  extinction  coefficients  of  0.158  km  ^  and  0.7704  km  \ 
respectively,  assuming  a  molecular  scattering  contribution  of  0.012  km 
Tbe  reduced  visibility  case  (5  km)  represents  an  increase  in  the  number 
density  of  scatterers  by  a  factor  of  almost  5,  assuming  the  shape  of  the 
size  distribution  [n(r)]  remains  constant  (only  approximately  true). 

The  effect  of  decreasing  the  water  vapor  amount  by  factors  of  10  is 
illustrated  in  Figure  5-4.  As  water  vapor  amount  decreases,  the  pre¬ 
dominant  effects  are  experienced  at  the  near-infrared  wavelengths  where 
transmissivity  increases  as  water  vapor  (relative  humidity)  decreases. 
Conversely,  in  Figure  5-5,  the  relative  humidity  is  maintained  at  80%, 
while  the  visibility  is  decreased  from  23  to  5  km  (aerosol  loading 
increased  by  factor  of  about  5) .  Here  the  transmissivity  is  reduced 
across  the  entire  spectrum  (the  effect  is  greatest  at  shorter  wavelengths) 
with  the  water  vapor  influence  remaining  essentially  the  same.  When 
water  vapor  is  removed  from  a  hazy  atmosphere  (Figure  5-6)  ,  once  again 
the  predominant  effect  is  in  the  near  infrared,  where  transmissivity 
increases.  Three  conclusions  can  be  drawn  from  these  calculations: 

(1)  changes  in  relative  humidity  affect  only  the  spectral  regions  where 
water  vapor  bands  are  present  such  as  the  near  infrared,  (2)  changes  in 
aerosol  amount  primarily  affect  the  complimentary  spectral  regions, 
and  (3)  the  effect  of  aerosols  is  dominant. 

It  should  be  noted,  however,  that  in  a  realistic  atmosphere,  varia¬ 
tions  of  humidity  and  visibility  are  not  independent.  Qualitatively, 
high  humidities  should  associate  with  reduced  visibilities  and  vice 
versa.  Empirically,  it  has  been  demonstrated  that  the  extinction  caused 
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Transmissivity,  T(> ) 


T ransmissjvity,  T() ) 


Wavelength  (ahii) 
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1  is  the  spocil'ic  intensity  of  radiation  at  waveloniith,  V 

-1  -1  -1  . 

(or^s  cm  see  stv  sm  ) 

is  the  source  function  at  waveleiifjth,  ' 

u  is  the  cosine  of  the  :enitii  anj;le  of  ohservation 

(,  is  the  optical  deptli  at  wavelengtli ,  \ 

lor  an  atraosjihere  with  both  absorption  and  scattering;,  the  optical  depth 
at  waveleiiiith,  and  altitude,  is  ^ivon  by  (.see  hquation  S-1): 


j  n.  Ullijii)  +  k.(\)  I  d; 


(S- IJ) 


lor  i  1  luminal  i  on  by  the  sun  with  no  thermal  soui'ce  function  ai\d  assuming; 
both  azimuthal  symmetry  (no  dependence  on  sun  azimuthj  and  isotropic 
scatteiing,  the  source  function  is  t’,i\'en  by: 


d^bt.ul 
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J  (  i  ,  h  ■)  du  '  (.S-lo  ) 


whei'c  'll-  is  the  wavelen;;th  dependent  inci<.lent  solar  flux  and  is  the 
cosine  of  the  solar  zenith  an.k;le.  The  quant  it>-  's  the  waveleni;th- 

dependent  .sinijle  scattering  albedo  defined  as  the  ratio  of  tlie  total 
scattering  coefficient  at  optical  depth,  i,  to  the  total  extinction 
coefficient  at  ojitical  depth,  (,  or; 
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Values  of  the  single  scattering  albedo  range  from  U.O  for  j'ure  absorpt ion 
to  l.i'  lor  pure  scattering. 


riic  assiuui't  ions  of  aziiiuiih.il  s\inmotr>’  and  isotropio  sea  1 1  or  i  aro 

somewhat  rostr ict i vo  and  roquiro  further  diseussion.  It  is  well  known 

that  tlie  anjjular  scatleriny  ipliase)  t'unetion  of  eonihiiKwl  moleetilai'  and 

aerosol  seatterinj;  is  not  isotropie;  on  the  eontrar>,  it  is  sti'oni^ly 

torward  peaked  l  IH' i rmendj ian  ItH'l).  The  el  feet  of  this  anisotrop\  in 

eoinjiarison  to  t  lie  assumed  isoti'opie  analvsis  depend'^  on  the  sun'' 

elevation  and  azimuth.  l-or  the  sun  direetlv  oierhead  (n  l.d', 

o 

s>imiietr>  with  respeet  to  azimuth  anyle  is  maintained,  and  the  as-'iimpt  ion 
of  isotrop)’  imiilios  an  ovorest  imat  i  on  of  ealeulated  radianees  for  h  i  pji 
and  moderate  eihsorv.it  ion  anples  owinr  to  tlie  protlomi nanee  of  forward  to 
haek  scatferin)’,  for  the  aetiial  aerosol  distribution  (kattawer  and  I’lass 
I'.'oti).  Khen  the  sun  is  not  at  zenith  (as  is  most  often  the  easel,  the 

radianees  are  not  simmetrie  with  the  azimuth  an>;le,  and  the  .issum|>t  ion 

of  isotrop)’  overes  t  i  m.i  t  es  their  magnitudes  in  the  antisolar  direetion 
and  underestimates  them  in  tlu'  solar  direetion.  Sinee  the  effeet  of 
speetral  difli'renees  is  si'iiejit  ,  a  p.i  rt  i  eii  I  ,i  r  viewing  peoiiiet  ri  .iiu! 
isotropie  seatterine,  has  been  assumed  in  t  h  i first-order  analxsis.  \ 
more  detailed  analisis  should  aeeount  l\'r  the  relatixe  solar  a.'.imuth  and 
se.in  geometrv  within  the  field  of  view  and  tlu-  effeet  s  of  anisotropy. 

Assuming  a  lambertian  surfaee  (tlie  ui'ward  refleeted  intensitx-  is 
independent  of  iibservat  i on  angle'),  the  soiiree  I'uiietiiin  d(i)  allows  tin 
following  integr.il  equation: 
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where 


h  1x1  =  exp  (-x/p)  ^  —  is  the  exponential  integral 

n  o  11 

r  IS  the  wavelength  dej^endent  surface  reflectance 

(0.0  <  r  <  1.0) 


liquation  5-15  must  be  solved  for  each  wavelength,  X,  of  interest. 

I'he  technique  chosen  to  solve  for  the  source  function  is  the  variational- 
iterative  (X 1 )  method  developed  by  See  (197b).  The  VI  method  is  based 
on  finding  the  extremum  of  a  certain  functional  (hence  tlic  variational 
nature  of  the  method).  An  a  [iriori  form  of  the  unknown  function 
(which  is  essentially  the  source  function)  is  assumed,  and  the  required 
coefficients  are  computed  from  a  set  of  minimising  conditions,  i'lie  form 
of  the  solution  is  specifical 1>'  chosen  to  optimise  computational 
efficiency  and,  therefore,  accuracy  is  not  sacrificed  for  sjiced.  A 
comprehensive  comparison  between  the  simplest  form  of  the  VI  teclniique 
(two-step  functions)  and  the  more  common  two-stream  apjiroxi mat  ion 
(l-'handrasekhm  19b0)  for  a  homogeneous,  isotrojiic  atmosjihere  has  been 
conducted  (Burke  and  Sse  1977).  Results  indicate  that  tlie  \1  technique 
is  much  more  accurate  for  thin  and  moderate  optical  thickness  (t*  =  0.1, 
l.l),  res[)ect  ivei  >■ ) ,  which  characterise  mucli  of  tlie  O.l  to  1.1  spectral 
region.  For  thicker  atmospheres  (r*  v  .5.5),  such  as  in  tlie  near- infrared 
water  vaiior  hands,  errors  may  he  reduced  to  within  a  few  percentages  of  the 
exact  solution  b>'  iteration. 

Once  the  source  function  .Ut)  is  found,  the  emergent  intensitv’ 

(that  wiiich  would  be  measured  h_\-  a  sensor  in  space  at  wavelength,  A)  is 
given  by: 


1(1, f) 
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where  vi  is  the  cosine  of  the  senith  angle  of  observation. 

Ilowcter,  as  has  been  shown  in  Section  5.J,  satellite  sensors  do 
not  measure  monochromatic  radiation.  On  the  contrary,  they  are  most 
often  sensitive  to  a  finite  bandwidth  of  wavelengths  given  by  their 


resju'ctive  spectral  resiionse  functions,  ■flX).  llioreforo,  the  resiionse- 
weighted  radiances  (the  simulated  instrumental  values)  are  given  hy  : 


Uj  .n ) 


<J>.(XJ  I(X,nl  dX 

'  V  I' I  J> 
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where 

<(ij(X)  is  the  spectral  response  function  for  the  jth  sensor/band 
AX  arc  the  wavclengtli  limits  of  tlic  sensor/band  bandwidtli 

rhese  functions  for  the  DMSP  V'llR  and  I.andsat  MSS  are  given  in  Figures  2 
and  2-3,  respectively. 

S.4.2  Results  of  Calculations 

Radiative  transfer  calculations  were  performed  for  each  of  four 

model  atmosiiheres  previousl\’  described  in  Section  5.3.  They  are  the 

basic  tropical  atmosphere  with:  (1)  23-km  visual  range,  80‘o  relative 
•) 

humidity  (3.35  g/cnr)  ;  (2)  23-km  visual  range,  0.8"o  relative  humidit)’ 

■y 

(0.0335  g/cm“)  ;  (3)  5-km  visual  range,  80‘1,  relative  humidit\-;  and 
(-1)  5-km  visual  range,  0.8°  relatively  Inimidity. 

The  source  function  d(T)  was  evaluated  by  apjilying  the  variational 
iterative  method  to  luiuation  5-15  at  each  of  25  wavclengtlis  within  the 
O.-l  to  1 . 1  urn  spectral  interval.  Wavelengths  were  selected  to  provide 
higlier  spectral  resolution  within  tlic  near-infrared  region  so  tliat  the 
structure  of  the  watcr-va|ior  absorption  bands  would  be  a]i|iarent .  Onl\' 
five  of  tlie  wavelengths  were  taken  witliin  the  visible  region  where  wave 
length  dependence  is  a  smooth  function.  I'o  solve  for  tlic  source  func¬ 
tion,  a  profile  of  single  scattering  albedo  versus  optical  depith, 
u)^(t),  was  computed  at  each  wavelength  for  each  model  atmosiihere  using 
spectral  data  from  l.OWTR/XN  2  (Selby  and  McClatchey  1972).  Samjile 
single  scattering  albedo  jirofi  Ics  are  sliown  in  Figure  5-7.  .Xt  X  = 

0.55  pm,  the  albedo  is  near  unity  for  most  of  the  atmosphere  since 
scattering  predominates  as  an  e.vtinction  mechanism.  At  higli  altitudes 
(small  t),  the  albedo  approaches  lower  values  as  absorption  by  the 


81 


■ktfliMMifeiliMMMk 


JtaiMiiMM 


(.Iluipi’uis  ozone  bands  becomes  more  Important;  liowever,  tlie  bulk  of  the 
atmosphere  is  inirely  scattering.  The  albedo  ]'rofi le  takes  on  inter¬ 
mediate  values  at  \  =  0.^)^.)  nm  between  two  water  vapor  absor|ition  bands 
wiiere  botli  scattering  b>'  aerosol  and  absorjition  by  water  vajior  are 
eviilent.  Iliglier  in  the  atmos|ilierc  where  both  water  vapor  and  aerosol 
are  about,  the  albedo  becomes  unit)'  owing  to  molecular  scattering.  At 
0.t)l  urn,  water  vapor  absorjition  is  significant,  and  albedos  are  corres- 
pondingl)’  low  for  much  of  the  lower  atmosphere.  iResidual  scattering 
from  aerosol  jirevents  it  from  becoming  zero.  Note  the  difference 
between  the  5-km  and  2T-km  visual  range  curves.) 

I'he  backgrou.id  surface  is  taken  to  be  the  sea  surface,  and  a  surfac 
reflectance  curve  for  water  (.Krinov  1947)  is  assumed.  In  general,  the 
surface  reflects  about  S‘o  of  incidettt  radiation  in  the  visible  and  is 
black  in  tlie  near  infrared.  Sun  glint  and  other  characteristics  of  a 
wind-driven  waved  surface  arc  not  considered.  The  solar  elevation  angle 
is  assumed  to  be  45°.  This  value  is  a  compromise  between  the  mid¬ 
morning  sun  s)'nchronous  pass  of  the  I.andsat  instrument  and  the  charac¬ 
teristic  earl)'  morning  or  mid-day  HMSP  vehicle.  Since  the  emphasis  liere 
is  on  spectral  differences,  it  was  assumed  that  botli  sensors  observe 
similarly  illuminated  scones,  l-'or  a  more  complete  treatment,  the 
relative  geometries  should  also  be  considered.  The  observation  angle 
for  each  sensor  was  taken  to  be  slightly  off  nadir  so  that  tlie  results 
would  be  more  characteristic  of  the  bulk  of  pixels  within  a  scan.  I'he 
exact  zenith  angle  is  d5.8°. 

Tigure  5-8  illustrates  the  wavelength  deiiendence  of  the  normalized 
intensit)'  before  sensor  resjionse  weighting.  Plotted  is  llX.ijl/P.  where 
1'  is  the  incident  solar  flux  at  wavelength  \.  Note  that  for  a  given 
rel.'itive  humidity,  the  hazy  atmosphere  always  appears  brighter,  even  iii 
the  near- infrared  water  vapor  absorption  bands.  However,  for  the  more 
realistic  case  of  correlated  humidity  .ind  haze,  a  dr)'  clear  atmosphere 
may  be  brighter  than  a  humid  hazy  atmosphere  in  strongly  absorbing 
regions  ,see  0.94  iJiit)  . 


Figure  5-8  Simulated  Radiance  Spectrum  (0.4  to 


5.4.3  Response  Weighted  Radiances 


Simulated  satellite  instrument  radiances  were  com]nited  by  weighting 
monochromatic  intensities  with  the  appropriate  spectral  response  func¬ 
tions  for  each  instrument  according  to  liquation  5-17.  Results  for  the 
four  model  atmospheres  are  shown  in  Figure  5-9  for  the  l.andsat  MSS 
bands.  For  a  given  visibility  (aerosol  loading),  only  MSS-7  is  sensitive 
to  water  vapor  abundance.  However,  all  bands  are  sensitive  to  aerosol 
content.  For  the  cases  considered,  intensities  decrease  monotonical 1\- 
from  MSS-4  through  MSS-7.  These  calculations  indicate  that  MSS-0  is 
most  sensitive  to  changes  in  aerosol  amount  since  Rayleigh  scattering  is 
minimal  and  water  vapor  is  not  a  significant  influence.  However,  the 
computed  increased  sensitivity  in  MSS-0  is  not  drastically  greater  tluin 
in  MSS-4  or  MSS-5. 

The  MSS-7  results  must  be  carefully  interin-eted .  The  large  differ¬ 
ence  between  the  5-km  visibility,  low  humidity  radiance  and  the  J3-km 
visibility,  high  humidity  radiance  is  jirobably  not  physicallx'  realistic 
in  light  of  the  climatological  correlation  between  high  humidity  and 
reduced  visibility  situations  (SectioTi  5.3).  There,  tlie  hazy  high 
humidity  and  clear  low  humidity  results  in  MSS-7  should  be  compared. 

For  the  situation  modeled,  the  results  arc  comparable,  suggesting  that 
the  effects  of  increased  aerosol  scattering  and  water  vapor  absorption 
compensate  for  one  another.  This  conclusion  will  be  case-specific, 
however,  and  requires  careful  consideration  of  an  approjn'iatc  aerosol/ 
humidity  relationship. 

Results  for  the  HMSP  instrument  are  given  in  I'able  5-5,  whicli 
includes  the  corresponding  l.andsat  cases  for  comparison.  In  general, 

DMSP  radiances  arc  appro.ximatcly  the  same  as  those  in  l.andsat  MSS-0. 

The  effect  of  increased  water  vajior  is  to  decrease  HMSP  radiances  b> 
about  5°o  to  8”o  (owing  to  absorption  in  the  near  infrared  as  evidenced  by 
MSS-7  results).  However,  HMSP  is  most  sensitive  to  aerosol  content  in 
these  cases,  increasing  intensities  by  a  factor  of  about  J.5. 

The  results  shown  in  Table  5-5  ma>'  at  first  appear  contrar\  to 
what  would  be  e.xpected  since  45".  of  the  contribution  to  the  I'MSP  is 
from  MSS-7  and  only  25‘o  from  MSS-U  (see  Figtire  2-31  However,  tlte 
response  weighted  radiances  are  not  simply  ]iroi'ort  iona  1  to  the  relatix  e 


TABLi;  5-S 


COMI'AKISON  OF  lANIHSAT  MSS  ,V\n  HMSI'  BANOPASS  l\l  lOllFI  P 
NOkMALlZF.I)  INTl.NSI  l  II  S 


\'isihi  1  itv 


23  km  5  km 


Water  Vajior 

(g/cm 

Instrument 

3.35 

0 . 034 

3.35 

0 . 034 

MSS- 4 

.  1 05 

.  1 05 

.  234 

.  234 

MSS- 5 

.080 

.080 

.  1 04 

.104 

MSS- (A 

.  0()0 

.  ObO 

.  1 5' 

,  1  3" 

MSS- 7 

.  OJ  2 

.  033 

.  (130 

.00" 

PMSP 

.050 

.  002 

.  140 

.  15" 

‘The  water  vapor 

bands  in  Figure 

5-8  near  0. 

73  um  Iiave 

little  effect  on 

the  MSS-(i  bandpass  weij;htod  radiances  aiul,  so  no  change  is  shown  with 
water  vapor. 
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contr  ilnit  ions  from  each  spectral  segment  alone,  hut  the  proiluct  of 
relative  contribution  ihased  on  response  alone)  times  the  radiance 
available.  Irom  i:c(uation  5-17: 


I  IDMSl'l 


v*-  (-r)  KAi  ax  /  dX 


(5- IS) 


constructing  the  1  (DMSP)  from  the  l.andsat  bands  alone,  with  the 
following  j'ercentages  for  each  band  (.from  figure  5-5):  MSS-)  lO" 
l)>j  =  0.10);  MSS-5  _'07  =  O.dO);  MSS-0  J5‘i  =  0.75);  and  \|SS--  LS'! 

-  =  0.45). 

Tile  integral  can  be  written  as  a  sum: 


uoMsr)  y  4.  1.  /  y  T. 

1=4  1=4 


where  1^  are  the  l.andsat  MSS  radi;inces  given  in  I'alile  5-5  for  each  case 


Since  y  4'.  =  1.0, 

•  1  • 

1  =  4 


UOMSP)  =  0.101,  +  0.201,.  +  0.251  +  0.451,. 

•15  0, 


Us  ing 

tlie  radiances 

given  in 

Table  5-5 

for  one 

case  (base  1 :  J5  km) 

as  an 

example,  the 

computed 

values  are: 

MSS 

4 

5 

(1 

- 

l<>i) 

0.  10 

0.20 

0.25 

0.45 

JCj  =  1.(1 

I'i' 

0.  105 

O.OSO 

().0(a) 

0.012 

0.0105 

O.Olo 

0.015 

0.0054 

l^.\.  =  0.04"  or 

UOMSf)  =  0.04- 

for  this  example  case,  it  can  be  seen  that  although  45'!'  of  tlie  OMSP 
response  (f'-l  is  covered  by  MSS-7  only  11.  S')  l .  0054/ .  04' )  of  the  total 
OMSP  energy  is  available  at  tliai  wavelength.  I'or  the  MSS-4,  and  wave¬ 
lengths.  the  total  energy  available  is  22. .57,  54,07,  and  51. o7.  respec¬ 
tively.  In  fact,  since  energy  available  decreases  towards  .'ISS-- 


({■isure  5-8),  it  is  expected  that  although  DMSP's  response  is  451  MSS-7, 
the  higher  energies  available  will  systemmatical 1 y  weight  the  lower  MSS 
bands  higher,  and  the  integrated  response  will  be  characteristic  of  a 
lower  band. 
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6.  SUMMARY  OF  RESULTS 


6.1  Comparative  Analysis  of  DMSP  and  Landsat  Imagery 

The  data  sample  used  for  the  comparative  analysis  of  DMSP  and 
Landsat  imagery  was  not  as  extensive  as  had  been  originally  anticipated 
because  of  the  difficulties  encountered  in  finding  cases  with  Landsat 
coverage  in  the  area  of  an  anomalous  gray-shade  pattern  evident  in  a 
DMSP  image.  Landsat  scenes  only  cover  a  very  limited  area,  so  in  many 
potentially  usable  cases  it  was  found  that  the  Landsat  coverage  was  just 
outside  the  DMSP  anomalous  gray-shade  pattern.  Moreover,  several  other 
potential  cases  were  not  usable  because  the  only  available  DMSP  data  did 
not  include  the  low-  or  log-enhancement  images;  anomalous  gray-shade 
patterns  cannot  be  detected  except  in  the  low-  or  log-enhancement  data. 

As  a  result  of  the  difficulties  in  collecting  a  suitable  data 
sample,  most  of  the  cases  eventually  selected  for  analysis  were  for  land 
areas  rather  than  the  ocean.  These  cases  satisfied  the  criteria  of 
reduced  visibility  in  light  fog  or  haze  and  the  Landsat  observation 
being  within  two  hours  of  the  DMSP  observation.  However,  the  analysis 
of  subtle  gray-shade  patterns  in  Landsat  data  is  more  difficult  over 
land  than  over  water  because  of  the  highly  variable  reflectance  of  the 
background  at  the  Landsat  80-meter  resolution.  The  results  of  the 
analysis  of  the  cases  described  in  Section  4  are  summarized  below. 

6.1.1  Analysis  of  Cases  Over  Land 

In  all  of  the  cases  over  land,  the  DMSP  anomalous  gray-shade 
pattern  is  in  an  area  of  high  humidities  and  reduced  visibilities.  As 
explained  in  the  theoretical  discussion,  high  aerosol  content  (reduced 
visibilities)  is  likely  to  be  associated  with  a  moist  atmosphere;  the 
theoretical  computations  were  based  on  this  condition. 

The  results  of  the  analysis  indicate  that  in  each  case  the  Landsat 
MSS-4  (visible  band)  image  displays  an  overall  more  hazy  tone  than  the 
other  spectral  bands.  In  some  cases  where  the  Landsat  scene  is  in  the 
area  of  a  relatively  light-gray  shade  tone  in  the  DMSP,  the  MSS-5 
image  also  displays  a  somewhat  hazy  tone,  although  less  than  that  of  the 
MSS-4,  In  all  cases,  the  MSS-6  and  7  (near  infrared)  images  appear 


less  hazy  than  the  shorter  wavelength  bands;  the  MSS-6  generally  appears 
somewhat  hazier  than  the  MSS-7.  In  the  MSS-4  images,  however,  no 
distinct  variation  can  be  detected  in  the  hazy  tone  from  one  portion  of 
the  image  to  another;  rather,  the  images  display  an  overall  hazy  tone 
even  in  areas  where  distinct  tonal  variations  in  the  anomalous  gray- 
shade  pattern  are  evident  in  the  corresponding  DMSP  image. 

The  hazy  tone  of  the  MSS-4  images  can  be  established  by  examining 
the  contrast  between  adjacent  terrain  features  with  high  and  low  reflec¬ 
tivities.  In  Case  2  (Section  4.2),  for  example,  it  is  readily  evident 
that  the  contrast  in  the  MSS-4  and  5  bands  is  considerably  less  than 
that  in  the  MSS-6  and  7  bands.  In  at  least  one  case,  it  was  also 
possible  to  compare  the  contrast  in  MSS-4  images  for  a  scene  within  a 
lighter  tone  area  in  the  corresponding  DMSP  image  and  a  scene  within  an 
area  that  appears  darker  in  the  DMSP;  in  this  instance,  the  former 
image  has  a  noticeably  more  hazy  tone  than  the  latter. 

When  comparing  the  various  Landsat  bands,  it  must  be  remembered 
that  the  contrast  between  water  and  vegetated  land  is  much  greater  in 
the  MSS-7  than  in  the  MSS-4  band.  In  the  near-infrared  portion  of  the 
spectrum  (MSS-7),  water  is  essentially  black  whereas  vegetation  is 
highly  reflective;  in  the  visible  portion  of  the  spectrum  (MSS-4),  the 
difference  in  reflectance  between  water  and  land  is  considerably  less. 
Because  of  the  inherent  greater  contrast  in  the  near  infrared,  it  would 
be  expected  that  a  subtle  haze  pattern  would  be  easier  to  detect  in  an 
MSS-4  image.  Nevertheless,  the  results  of  the  analysis  cannot  be 
attributed  solely  to  this  factor,  and  the  observation  that  the  MSS-4 
band  is  consistently  more  hazy  is  in  agreement  with  the  findings  of 
other  investigators  such  as  Fraser  (1976)  and  Griggs  (1978) . 

6.1.2  Analysis  of  Case  Over  Water 

The  case  of  an  anomalous  gray-shade  pattern  over  water  off  the  West 
Coast  is  quite  different  from  the  cases  over  land,  where  the  patterns 
were  associated  with  a  synoptic  pattern  that  produced  a  relatively  broad 
area  of  high  humidities  and  reduced  visibilities.  The  anomalous  gray- 
shade  pattern  off  the  coast  appears  to  be  associated  with  a  more  local¬ 
ized  condition.  The  Landsat  imagery  indicates  that  the  pattern  seen  in 
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the  DMSP  is  partly  the  result  of  small  cloud  cells  that  were  below  the 
resolution  of  the  VIIR  sensor.  However,  since  the  DNISI'  pattern  extends 
beyond  the  areas  of  the  small  cloud  cells  detectable  in  the  l.andsat 
imagery,  it  appears  that  the- gray-shade  pattern  is  also,  in  I'art ,  the 
result  of  an  area  oi  high  moisture  and  Itigh  aerosol  content  remaining  as 
the  clouds  dissipate;  the  remaining  particles  were  even  too  small  to  be 
detected  at  the  l.andsat  resolution.  This  finding  is  in  agreement  with 
the  analysis  of  these  particular  DMSP  images  by  I'ett  and  Mitchell 
(1977) . 

In  this  case,  the  MSS-4  band  appears  to  be  measuring  an  overall 
higher  radiance,  although  the  pattern  of  cloud  elements  appears  the 
same  in  the  MSS-4,  5,  or  b  bands;  only  in  the  MSS-7  band  is  the  cloud 
pattern  significantly  reduced. 

The  comparative  analysis  for  this  case  demonstrates  the  signifi¬ 
cance  of  the  different  resolutions  of  the  HMSP  VHR  and  the  l.andsat  MSS. 
It  may  be,  in  fact,  that  tlte  distinctive  tonal  differences  observed 
within  several  of  the  anomalous  gray-shade  patterns  in  HMSi’  images  are 
the  result  of  the  sensor  integrating  over  a  relatively  broad  area  as 
compared  to  l.andsat.  When  the  image  is  produced,  all  of  the  individual 
picture  elements  within  a  certain  reflectance  value  fall  into  a  jiar- 
ticular  gray-shade  tone  that  is  distinct  from  the  adjacent  tone.  I'he 
Landsat  MSS,  however,  would  detect  several  intermediate  tones  within  the 
same  area. 

In  the  case  over  water,  areas  with  low  reflectance  (black)  can  be 
detected  along  certain  coastal  areas  in  the  l.andsat  imagery.  I'hese 
patterns,  which  arc  particularly  pronounced  in  the  MSS-.S  bai\d,  are 
believed  to  be  areas  of  calmer  water  within  the  lee  of  the  land,  .hist 
south  of  the  most  pronounced  of  these  black  areas,  a  wave  pattern  in  the 
water  can  also  be  detected,  especially  in  the  MSS-.S  image. 

b.2  I'hcoretical  Analysis  of  Water  Vapor  Absorjition 

The  theoretical  analysis  presented  in  Section  S  is  based  on  certain 
assumptions;  (a)  a  particular  model  atmosphere,  water  vapor  amounts, 
and  aerosol  model  and  abun4ances;  (b)  a  specific  viewing  geometry;  (c)  a 
simple  radiative  transfer  model;  and  (d)  viewing  against  a  water  surface 


Keeping  these  considerations  in  mind,  the  results  of  the  tlicoretical 
analysis  of  the  effects  of  water  vai)or  on  the  satellite  imagery  indicate 
the  following. 


•  DNISl*  and  I.andsat  MSS-4,  5,  and  b  radiances  arc  more  sensitive 
to  aerosol  scattering  than  to  water  vapor. 

•  Uindsat  MSS-7  radiances  are  highly  sensitive  to  water  vapor 
while  DNISI'  is  affected  to  a  lesser  degree. 

•  for  realistic  high  humidity,  low  visibility  situations,  it  is 
aerosol  growth  not  water  vapor,  per  se,  which  increases  DMSI’ 
radiances;  increased  water  vapor  abundance,  in  fact,  decreases 
radiances. 

•  Anomalous  gray-shade  patterns  in  areas  where  humidity  is  high 
arc  most  likely  the  result  of  small  aerosol  droplets  in  the 
haze  category  (0.1  to  10  mn). 

•  Alternatively,  when  meteorological  conditions  are  ajipropriate, 
anomalous  gray-shade  patterns  may  be  caused  by  cloud  droplets 
(20  to  400  urn),  which  arc  not  yet  organized  into  cloud  elements 
large  enough  to  be  seen  at  the  OMSP  spatial  resolution  (l/.>  nini ) . 
In  these  cases,  the  observed  anomalous  gray-shade  patterns  in 
high  humidity  areas  are  caused  more  by  the  lack  of  spatial 
resolution  of  the  OMSP  instrument  than  by  the  lack  of  spectral 
resolut ion. 


7.  CONCLUSIONS  AND  RliCONlNUiNDATlONS 


7.1  Conclusions 

A  key  requirement  of  the  study  was  to  compare  DMSl’  and  l.andsat 
data  to  determine  which  wavelengths  within  the  total  DMSr  spectral 
range  are  respo.isible  for  the  anomalous  gray-shade  jiatterns.  Under  the 
scope  of  the  effort  it  was  possible  only  to  carry  out  a  comparative 
analysis  of  the  satellite  imagery;  digital  data  were  not  analyzed.  From 
the  results  of  the  imagery  analysis,  it  is  difficult  to  draw  quantita¬ 
tive  conclusions  to  address  the  question  of  wliich  are  the  wavelengths 
most  responsible  for  the  observed  DM.sr  response.  The  photographic 
processes  used  in  producii\g  the  DM.SP  and  l.andsat  images  introduce 
substantial  variability  iit  the  final  products,  whether  on  a  day-to-day 
basis  or  even  when  the  images  for  the  different  Landsat  bands  of  the 
same  scene  are  produced. 

Furthermore,  because  of  the  limited  data  sample,  only  one  case  over 
a  water  background  was  analyzed.  For  the  balance  of  the  observed  cases 
over  land,  specific  conclusions  are  difficult  to  formulate  since  analysis 
of  the  imager)’  tends  to  focus  on  the  "haziness"  of  the  scene,  which  is 
really  a  measure  of  scene  contrast  reduction.  An  analysis  of  haziness 
would  involve  examining  the  changes  in  intensities  for  neighboring  scene 
pixels  with  different  surface  reflectances  (such  as  water  vs.  vegetation); 
calculations  were  performed,  however,  only  for  one  surface  tyjie. 

Farlier  analysis  (Isaacs  and  Uhang  1D7S)  indicates  that  contrast  reduc¬ 
tion  is  very  sensitive  to  spectral  band  pass,  model  atmosphere,  and 
reflectance  properties  of  the  scene  viewed. 

I'he  qualitative  results  of  the  imagery  analysis  indicate  that  the 
shorter  wavelength  l.andsat  bands,  especially  MS.S-4,  appear  more  hazy 
than  the  longer  wavelength  bands  (MSS-O  and  7).  The  theoretical  analysis, 
however,  indicates  that  simulated  radiances  from  the  DMSl'  are  similar 
to  the  Landsat  MSS-b  liand  rather  than  to  Band  4.  As  an  explanation 
for  this  apparent  contradiction,  the  relative  contributions  of  energy 
from  the  different  spectral  intervals  comprising  the  total  DMSP  response 
must  be  considered  rather  than  the  response  ftinction  alone.  Whereas 


only  a  10%  contribution  at  the  MSS-4  wavelength  might  bo  expected  from 
the  response  function,  the  relative  energy  contribution  is  actually  more 
than  20%.  The  magnitude  of  the  contribution  at  the  MSS-4  wavelength, 
combined  with  the  sensitivity  of  wavelengths  near  the  peak  OMSI’  response 
(0.7  to  0.8  urn)  to  increases  in  ha:e,  results  in  the  1>MSI’  sensor  being 
quite  responsive  to  aerosol  loading. 

An  alternative  explanation  for  the  apparent  contradiction  between 
the  results  of  the  imagery  analysis  and  the  theoretical  analysis  may  bo 
formulated  based  on  the  differing  spatial  resolutions  of  the  two  instru¬ 
ments  (approximately  OOO  m  for  OMSI’  and  80  m  for  the  l.andsat  MSS).  With 
these  resolutions,  some  50  to  100  l.andsat  pixels  are  contained  within 
one  [WSP  resolution  element.  Therefore,  atmospheric  features  witli  con¬ 
tinuously  varying  intensity  resiumses,  such  as  haze  or  developing 
clouds,  arc  sampled  by  Landsat  at  a  much  higher  resolution.  The  OMSI' 
sensor,  however,  will  produce  an  artificially  distinct  boundar>  since 
the  varying  intensities  within  the  f ield-of-view  will  be  averaged  over 
a  relatively  broad  area,  as  compared  to  l.andsat.  I'his  explanation, 
related  to  the  spatial  resolutions  of  the  sensor  rather  than  to  spectral 
differences,  has  not  been  investigated  in  the  present  study. 

7.2  Recommendations  for  I'urther  Study 

The  comparative  analysis  of  the  OMSI’  and  l.andsat  imagery  demon¬ 
strates  the  qualitative  variation  in  intensities  measured  by  the  dif¬ 
ferent  spectral  bands.  In  some  cases,  however,  the  variations  in 
intensity  are  subtle  and  are  difficult  to  assess  fulli’  through  image 
analysis  alone.  It  is  recommended,  therefore,  that  further  analysis 
be  carried  out  using  l.andsat  digital  tape  data. 

The  analysis  of  digital  ta(>e  data  would  permit  a  quantitative 
evaluation  of  the  intensity  variations.  The  contrast  reduction  over 
land  could  be  determined,  and  variations  in  intensity  over  water  that 
may  not  be  detectable  in  the  imager>  could  he  measured.  Turthermore,  an 
experimental  analysis  of  the  landsat  data  could  he  carried  out  to  simu¬ 
late  the  reduced  resolution  of  the  I'M.SP  I'llR.  Such  an  analysis  would 
determine  whether  the  anomalous  gra\-shade  patterns  observed  in  the  I'MSI’ 
imagery  are  the  result,  at  least  in  part,  of  the  spatial  averaging  by 
the  VllR  sensor. 
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lor  further  theoretical  analysis,  a  study  of  realistic  relative 
humidity/aerosol  growth  models  is  recommended  to  determine  more  accurately 
the  water  vapor  and  aerosol  loading  factors  for  the  atmosphere.  Such 
relationships,  when  included  within  the  radiative  transfer  calculation, 
will  enable  the  dynamics  of  aerosol  growth  pertinent  to  the  asset  and 
dissipation  of  reduced  visibility  situations  as  seen  from  space  to  be 
modeled . 

It  is  also  recommended  that  further  analysis  be  undertaken  to; 

(1)  repeat  the  calculations  carried  out  in  this  study  substituting  a 
maritime  aerosol  model  and  (2)  evaluate  the  impact  of  aerosol  scattering 
anisotropy  on  the  model  results.  Under  the  first  of  these  jiroposed 
additional  tasks,  the  analysis  would  be  extended  by  substituting  a 
maritime  aerosol  model  of  Shettle  and  lenn  (1976J.  Optical  properties 
of  a  model  tropical  atmosphere  with  varying  water  vajior  amounts  and  the 
maritime  aerosol  amount  would  then  be  computed  over  the  UMSP/landsat 
spectral  interval  (0.4  to  1.1  pm),  and  radiative  transfer  theory  would  be 
used  to  evaluate  monochromatic  upward  radiances  using  these  optical 
properties,  finally,  simulated  satellite  incident  radiance  would  be 
calculated  by  weighting  the  monochromatic  results  using  the  appropriate 
DMSP  and  l.andsat  MSS  sensor  bandpasses. 

Under  the  second  task,  calculations  would  be  performed  using  an 
aerosol  model  with  preferred  scattering  direction.  Since  Mie  scattering 
is  highly  anisotropic,  it  is  desirable  to  evaluate  the  magnitude  of  this 
effect  on  previous  results.  In  this  task  two  sample  calculations  would 
be  made  using  a  tropical  atmosphere  with  maritime  aerosol  amounts  and 
two  diverse  water  vapor  abundances.  In  addition  to  the  optical  properties 
available  from  the  current  study,  the  aerosol -scattering  asymmetry 
factor  would  be  evaluated  using  a  computer  code  developed  at  ERT.  The 
radiative  transfer  equation  including  scattering  anisotropy  would  be 
solved,  and  both  monochromatic  and  simulated  1)MSP/Landsat  radiances 
would  be  computed.  Results  of  the  current  study  would  be  compared  to 
assess  the  impact  of  anisotropy.  It  is  expected  that  examination  of 
the  preferred  scattering  properties  of  the  aerosol  will  lead  to  the 
delineation  of  specific  sensor  geometries  favorable  to  the  enhancement 
or  suppression  of  anomalous  gray  shades. 
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